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PRBPKK 

The  tevsnth  Joint  llMtlng  of  tlM  U.S.  -  Japan  Paaal  on  Wind  and  Salamie  Bf facts  was 
held  in  Tokyo,  Japan  on  Hay  20-23*  1975.   This  panel  is  one  of  the  twenty  panels  in  tlie  U.S. 
JMpan  OQOperative  Progxan  in  Hatural  Heaooxcea  (Dms} .    lha  DOMR  waa  aatabliahad  in  1964  by 
the  U.S.  -  J^pan  Cabinet-level  C90Bnittee  on  Trede  and  BconoBie  Affalra.    The  puxpoae  of  the 
aJMIt  is  to  Mcchange  soientlfie  and  technological  infocmation  whicih  will  be  nitually  bene- 
ficial to  tiie  econaaics  and  welfare  of  both  ooimtries.    Jkoeoxdingly,  the  purpose  of  the 
annual  joint  nt^eting  of  this  panel  is  to  exchange  tedinical  infomation  on  the  latest  re- 
search and  development  activitiea  within  govemnental  agencies  of  both  ooxmtries  in  the  area 
of  wind  and  seismic  effects. 

The  proceedings  include  the  program,  the  formal  resolutions,  and  the  technical  papers 
presented  at  the  Joint  Meeting.     The  papers  were  presented  in  tlie  respective  language  of 
each  country.     The  texts  of  the  papers,  all  of  which  were  prepared  in  English,  have  been 
edited.     The  illustrations  were  reproduced  from  thfi  working  docmnents  used  at  the  Joint 
Meeting.     The  £ormai  resolutions  were  drafted  at  the  closing  session  o£  the  Joint  Meeting 
and  adopted  unanimously  by  the  panels  of  both  countries. 

Pages  of  the  technical  papers  are  inpfeered  with  a  prefix  corrasponding  to  the  Thena 
niariber.    The  texts  are  oonseoutively  nunlsered  in  each  theme. 

H.  s.  Lew,  Secretary 
U.S.  Panel  on  Wind  and 
seismic  Effects 
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SI  Ccmvarsion  Units 

m  viair  of  prasant  aoo^tad  praetioft  In  this  twqhnnlogiol  ar«a«  Q.6.  enctomuBy  units 
of  MaaomMintB  have  been  used  thzoughout  thia  xepoirt.   Zt  should  be  noted  tiiat  tJie  O.S.  im 

a  signatory  to  the  General  Conference  on  Heights  and  Measures  which  gave  official  statM  tO 
the  metric  SI  systen  of  units  in  1960.    Conversion  factors  for  units  in  this  report  arot 


Length 

Force 

Pressure 
Stress 

Bnerqy 
Torque 


Weight 

or 
Mass 

Unit  Weight 

Velocity 

ilcoelerstion 


Cgstonary.  Unit 

Inch  (in) 
foot  (ft) 

pound  (Ibf) 
k.ilogram  (kgf) 

pound  per  sqiiare 
inch  (psi) 
Kip  per  square 
inch  (ksi) 

inch-pound  (in- Ibf) 
foot-pound  (ft-lbf) 

pound'*ln^ 
pound-foot  (Ibf-ft) 


pound  (Ibf) 

pound  per  cubic  foot 
(pcf) 

foot  per  second 
(ft/sec) 

foot  per  second  per 
second  (ft/sac^) 


International 
(81).  OMIT 

■eter  M* 
■eter  («) 

ncwton  (N) 
newton  {H) 

2 

new ton/meter 

2 

newton/meter 

joule  (J) 
joule  (J) 

MWtOOHMtar  (Ml) 
(IHB) 


kilogram  (kg) 


kilograL.Ti  per  cubic 
meter  (kg/m^) 

SMter  per 
(Vs) 


Conversion 
Aajroxiwate 

1  in-0. 0294m* 
1  ftP0.304te* 

1  lbf=4.448K 
1  kgf=9.807ll 


1  psi-eadSN/B 


1  ksi=5895xlO^N/m^ 


1  in- Ibf =0.1130  J 
1  £t-lbf»1.355e  J 

1  lbf-itt-0.U30  IMi 
1  ll>f-ftPl.355& 


iMter  per 


second  (m/mn 


per 


1  11^0.4536  ks 


1  pGf«i6.0ia  k9/a 


1  ^p»<l.3048  m/9 


1  ft/seo^<i0.3048  m/i? 


^ter  my  be  subdivided.  A  centlaeter  (cm)  is  1/100  a  and  a  aiUiMter  {wmi  is  1/1000  «. 
Exact 
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RESOLUTIONS  OF  SEVENTH  JOINT  MEETING 
U.S. -JAPAN  PANEL  ON  WIND  AND  SEISMIC  EFFECTS 
U.J.H.S. 
Nay  20  -  23«  1975 

Hm  foUowing  Maoltttion*  foe  futuc*  Cl.S.-Japan  aictlvltlBB  of  tlM  Joint  Panal  on  Niad 
and  soi«nie  Bffaeta  axm  htnby  piropomdt 

1.  Am  Soviaiith  Joint  Maotlng  of  0.8. -Japan  Panel  on  ivind  and  saiaodo  Bffaeta*  U.J.M.R. 
PzograBf  was  astz«naly  fruitful  to  both  oountrlas.    Ooosldarlng  tbm  laportanoa  of 
ttie  todmieal  information  exeihangod  betwean  the  two  delegationef  it  is  eooaldemd 
aseantlal  that  the  joint  peograa  be  eoDtlnaiad 

2.  Ou»  to  the  oontiniiooa  nature  of  the  research  pcograne  reported,  it  is  rece— ended 
that  diaaeaination  of  tedmioal  reports  and  atate-of-art  reports  be  encouraged  on 
a  ccntimial  basis  during  the  ccadng  year 

3.  In  aeooedaaee  witii  the  resolMtione  of  the  Sixth  Joint  Panel  Meeting,  the  proceed- 
ings of  the  Joint  Meeting  should  be  published  for  the  benefit  of  other 
scientific  representatives  in  each  country  as  soon  as  possible 

4.  Efforts  should  ba         to  exchange,  on  a  tinaly  basis,  list  of  signif leant  strong- 
motion  earthquake  and  high  ^peed  vind  recorded  data.    Clearly  defined  good  quality 
digitizable  record  copies  are  needed  and  a  procedure  for  exchanging  records  should 
be  established.     Records  should  also  include  the  characteristics  of  instrunents 
needed  for  all  processing  and  analytical  procedures 

5.  Attempts  should  be  made  to  solicit  papers  from  other  official  governmental  offices 
and  private  technical  organ i scat ions  involved  in  wind  and  seismic  research.  Papers 
written  by  non-panel  members  may  be  synopsized  in  state-of-art  reports 

6.  Promote  the  exchange  of  technological  information,  concerning  strong  winds  and 
earthquakes,  with  developing  countries 

7.  Ocxiperative  researoh  programs  including  exchange  of  personnel  and  equipBsnt 
Should  be  '•undertaken  by  both  govemBsnta  to  addreaa  the  following  prcblesis  of 
mutual  interesti 

a)  Strong-motioa  instrunsntaticn  arrays,  at  selected  sitss  throus^umt  the 
world, 

b)  uurge-soale  testing  programa, 

e)  aapalr  and  retrofit  of  existing  stnietures,  i«f  buildings,  bridges,  dama,  eta 

d)  Structural  performance  evaluation, 

e)  Land  uae  programs  for  oontrolling  natural  hasard  effects, 

f)  Disaster  prevention  methods  for  lifeline  systems. 

8.  It  is  suggested  that  all  future  papers  incorporate  the  81  Metric  ^tem  for  unite 

of  measurement,  contained  within  parenthesis 

9.  Future  reports  should  consider  an  oven.'iew  of  codes  and  problems  of  implementation 
associated  with  "nonstructural"  and  "operational"  requirements  and  stibsequently 
should  be  exchanged 
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10.  Nor*  MpetiiM  tni  «iKCh>ng»  of  Innevfttlv*  tMitwlqaiM  for  Inprovad  Mimle  <<oigi> 
qpoetr*  1«  oonai4«r«d  hlglily  iaportmt 

11.  Hm  date  and  location  for  tho  8th  Joint  Panel  Maotlng  on  Wind  and  Salsmio  Bffaota 
Mill  bo  spring  1976  la  Miiiingtattf  D.c.*  U.S.A.   Ao  vpacifle  dat*,  inspaetion 
sttaa  and  fiald  trlpa  will  be  dotozBinad  by  ttt  O.S.  Panal  with  approval  by  tha 
Japanaaa  Panal. 


A  focaal  aagraaaion  of  aippraciatlan  is  hweby  praaantad  by  tha  U.S.  Panal  Mabars  to 
tlM  Aypaaaaa  dalagation  for  tha  axoallant  arraagaM»ta«  taChnical  anehanga  and  nagtiifiaaiiit 
hoopltallty  raoaivad  at  thia  Savantb  Joint  Panal  Maating  in  Vokyo,  Hay  1975. 
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PRBSOtNT  SVKSaS  OP  WZMD  CRARkCTBRISTICS  IN  Jtf  JIN 


by 


Kiyohide  Takeuchi 
Applied  Meteorology  Laboratory 
Meteorological  Research  Institute 


ABSTRACT 


Ibe  present  statue  of  a  study  on  the  wind  characteristics  in  Japan  is  given  herein. 
Observational  studies  constructed  from  a  tower  and  an  am^  of  towers  are  described  in 
addition  to  results  obtained  from  tethered  balloons. 

The  observations  obtained  from  towers  in  Tokushima  Pref.  and  analysis  of  the  data, 
which  were  made  by  Shiotani  (1972  and  1974),  are  detailed  and  unique.     Also  other  observa- 
tions froin  towers  located  at  Tarama  Island,  Okinawa  Pref.   are  being  conducted  by  Mitsuta 
(1974).     Detailed  analysis  of  these  observations  are  also  presented. 

Finally  some  model  experiments  on  the  local  wind,  using  a  tunnel,  are  also  presented. 


Kay  Words:    Field  MeasurcBsncs;  Model;  lowers;  Wind;  Wind  Observation;  Wind  luonel. 
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Introduction 

The  behavior  oT  wind  has  been  under  con?5tant  study  in  Japan,  and  is  one  of  the  most 
fundaf..ur.tnl  siotnccr;;  ir.  xcteoroloqy.    Me teoro logical  disasters  in  Japan  are  caused  tnainly 
by,  the  wind  and  rain,  as  induced  by  typhoons,  cyclones  and  monsoons. 

Tall  buildings  and  structures  aa  well  as  long  suspension  bridges  have  recently  bmmx 
ooMtructed  in  J«ptti.    Accordingly  detailad  iafocMtlon  of  the  wind  characteristics  is 
reqiilrod  for  thoir  proper  dssign  and  for  Miwtsnmes  after  oonstructioa* 

BemnivT,  air  pollution  caussd  by  vsrioiis  industries  and  cars  has  beoosia  a  serious  pcD> 
blsB  in  Jspan.    Since  the  wind  in  the  ataospheric  boundary  layer  plays  an  essential  vole 
in  the  dispersion  of  pdlutants*  a  study  of  Vim  wiadr  eepecially  the  local  ulnd  la  the  iiliaye' 
trial  and  urban  areas  is  quits  urgmt. 

Since  the  interaction  betnean  Ae  air  snd  the  earth  surf  ace  is  an  essential  prcMsH 
in  Meteorology  r  a  study  on  the  wind  fluctuation  near  the  surfaoe  has  been  Inteneively 
conducted* 

The  charaoterietics  of  tlte  wind  has  been  inveetigated  in  Japan  throng  cb««rv«,tiene  oea^ 
ducted  on  field  towers  and  tiirough  wind  tunnel  eaqperimente  in  the  laboratory. 

Observations  aade  in  the  field  were  conducted  on  single  towers  and  tower  arrays  in 

order  to  obtain  more  detailed  information  on  the  time  and  space  characteristics  of  the 
wind.     In  addition  to  using  tethered  balloons,  pilot  balloons,  low  altitude  radiosondss« 
low  altitude  rawin  sondes  and  aircraft  were  often  used  for  observing  the  local  wind. 

The  present  status  of  the  study  on  wind  characteristics  is  described  in  detail  herelife 

ObservatAon  f rosi  a  single  tower 

Observation  f roi  e  Tower  Wear  the  Houth  of  Hver  Maka 

In  order  to  obtain  data  reguired  for  the  design  of  a  long  ■nspanBlen  bridge,  elaee  1964 
shiotani  (1975)  has  studied  wind  characteristics  froa  a  tower  located  near  the  aouth  of 
River  Naka,  llakushiiia  Pref .   This  nstsorologieal  tower,  ISOa  in  height,  is  located 
approoEinately  ISOn  away  frost  the  beach  <see  Fig.  1) .   The  base  of  the  tower  ia  on  e  low 
seuid  dune  covered  with  pine  trees«  a  few  swters  in  hel^t,  but  in  north  noxtli-west  dixeetimv 
a  marsh  extends  a  distance  of  400m.    The  land  surrounding  the  tower#  which  is  1  k»  froM 
the  coast,  is  under  cultivation  withintaraietant  farm  houses,  trees  and  eatall  hills* 

This  awteorological  tower  is  a  guyed  mast  meuJe  of  steel  pipe.    The  Aerovane-type  anemo- 
meters were  installed  3  m  apart  from  the  center  of  the  tower  at  15.8,  30.8,  50.8,  80.8,  110.8 
and  150.8  m  cdjove  the  ground.     The  mean  wind  fspec^d  was  continuously  recorded  during  a 
minute  period,  at  each  anemometer  level.     :nst<intrineous  wind  speeds  and  wind  directions  were 
measured  at  any  three  levels  with  pen-writing  recorders  when  the  wind  speed  became  high. 
In  addition,  measurement  of  the  vertical  direction  of  the  wind  was  made  with  two  bidirec- 
tional vanes.    Temperature  differences  between  150  and  30  m,  and  SO  and  30  m  were  measured 
with  beadrthezalstor  tfaexnaaeters. 

The  wind  bdiavior  during  a  15  nin  interval  were  recorded  every  2.5  a  when  wind  speede 
were  under  25  m/a,  and  every  2.0  s  when  wind  speed  were  over  25  vt/9.    From  these  det*  MMA 
wind  speed  u,  turbulent  velocity  0^  (i.e.»  r.«*t*  of  the  longitudinal  wind  fluoteation) , 
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auto  ooxT«l«tien#  pomr  aptetrw  S(n>  (n»    frwquency) ,  and  other  statistical  cpiantities 
wsxe  obtained.   JUialyaee  of  these  data  197  xacordings  indicated  that  tiia  range  of  wind 
opeeds  was  between  30  and  30  vi/n,  and  only  13  data  had  wind  speeds  higher  than  30  Vs. 

Since  the  characteristics  of  the  high  wind  are  determined  mainly  by  the  surface 
roughness,  the  wind  data  has,  therefore,  divided  into  three  groups.    The  first  group  had  « 
wind  direction  1  (E-ES)  -  the  wind  from  the  sea  after  passing  150-300  m  over  the  land 
The  second,  Direction  2  (SSE-WSW)  had  the  wind  passing  more  than  2  km  over  the  delta  of 
River  Maka,  which  is  mcKiifiet!  from  the  sea  wind.     The  third  group,  Direction  3  (WW-tJNW) 
has  a  wind  parallel  to  the  coastal  line  (see  Fig.  1) .    Ihe  results  from  these  classifica- 
tions are  as  follows; 

(a)  Velocity  Fluctuation  and  Their  Magnitudes 

The  frequency  distribution  of  the  fluctuating  wind  velocities  can  be  expressed 
approximately  by  Gaussian    distribution.    The  intensity  of  turbulence  ((^^A^)  of  the 
wind  In  Direction  2  is  higher  than  that  from  the  other  two  directiona*  and  it  is 
rttcegnised  lAiat  the  turinilent  intensity  increases  with  increasing  roughness. 

The  intensl^  of  tiudMilence  of  the  wind  at  30.8  m  is  mudi  higher  than  that  at 
the  other  heights.   Ibis  means  that  the  rough  ground  eoverage«  in  the  dose  proaci- 
ml^  to  the  tower*  greatly  distuxfos   the  wind  in  the  lowest  region.    The  tm^ulent 
lAteMitles  of  the  wind  in  the  range  between  S0.8  m  and  150.8  m  are  nearly  the 
sane  in  Directions  1  and  3*  and  they  decrease  with  increasing  heights.    However , 
tb^  are  approacimately  constant  with  those  helots  in  Direction  2.    m  order  to 
♦wmine  the  vertical  distribution  of  wind  turbulent  velocities »  their  ratioa  to 
those  recorded  at  80.8  m«i*e.    0^/0^(80) f  were  studied.    Ihese  results  Indicate 
that  they  are  nearly  constant  with  height  in  Direction  2,  idtlle  th^  decrease  with 
power  eiqpaaents  -0.10  and  -0.16  in  Directions  1  and  3,  respectively. 

(b)  Power  Spectrum 

Ihia  relationship  between  the  logarithmic  spectrum  nS(n)  and  the  logarithm  of  the 
wave  nxuober  log(n/U),  was  examined.     It  was  noted  that  of  the  261  recordings,  139 

recordings  had  single  peak  spectr'.irr  nSCn).     These  single-peak  spectra  were  then 

used  for  further  analyses.     The  shapes  of  the  spectra  are  quite  varied,  therefore) 

the  whole  spectra  cannot  be  represented  by  a  single  curve. 

The  wave  number  (n/U)   ,  corresponding  to  the  maximum  value  of  nS(n),  is  generally 

m 

independent  of  the  wind  speed  ar.d  wind  dir&ction.    Therefore,  the  height  distribu- 
tion of  (n/U)    averaged  at  each  height,  was  found  that  the  wave  number  of  the 
speetruB  peak  decreases  sli^tly  with  increasing  height. 

Bxandnation  of  the  similarity  theory,  however,  suggests  that  nS(n)  can  be  e^qpressed 
by  the  factor  na/Ur  therefore,  examination  of  collected  data  results  in  the  follow- 
ing sBpirical  fornular 

(ns/U)^  -  0.0018  s°*®^ 


I. 


1-3 


Digitized  by  Google 


this  indlcatad  that  the  ^aetruB  paak  shifts  slightly  to  «  lov-fraqM^ncy  with  an 

Inesaaaa  in  h«lgfat#  for  a  haight  xanga  batweea  50.8  n  and  ISO.8  n.   natnmsr,  the 

accuracy  of  tlia  fexmla  is  not  ao  seatzlctiva  such  that  (n/D)    can  be  considaxed 

n 

oonBtant  with  height. 

The  friction  velocity      can  be  estlnated  fran  the  high-frequency  part  of  the 
spectrum.    The  mean  value  of  0„Ai«  can  then  be  evaluated^  giving  2.4  for  the  caae 
of  Direction  2.    However*  u^  can  also  be  eatinated  frosi  the  logarithmic  law  of  the 
mean  wind  speed,  which  gives  a  value  for  the  sane  dlrectlonr  equal  to  2<1* 
(c)  Correlation  Coefficient  Between  TVo  Heights 

An  exwnple  of  the  correlation  coefficient  R(z2.z^/'^)  with  time  lag  t  between 
the  two  heights  z.,  and        (z^^z^) ,  is  shown  in  Fiq.  2.     It  should  be  noted  that 
the  maximum  correlation  does  not  occur  when  t  -  0,  but  occurs  when  thft  wind  record 
of  the  upper  layer  is  delayed.     This  moans  that  the  phase  of  the  wind  qustfi  ad- 
vances when  in  the  upper  air  layer.     Now,  using  Taylor's  hypothesis,  t)ie  spaco 
correlation  is  as  shown  in  Pig.  3.    Examination  o£  this  Figure  shows  that  tha 
scale  of  the  tui^ulence  beeoMs  larger^  and  the  phase  advances  during  an  Increase 
in  air  layer  height. 

The  vertical  correlation  coefficient  tHz^,z^)  appears  to  be  independent  of  the 
wind  direction  and  wind  speed.    Therefore,  the  correlation  coefficient  will  depend 
not  only  on  the  height  difference  i^2~^i} '        ^       actual  heights      and  z^. 
Bxaainatlen  of  the  correlation  coefficients  between  two  points  which  have  the 
sane  height  differences  indicates  that  the  largest  value  in  the  case  where  the 
two  points  are  in  the  highest  air  laywr*  which  means  the  scale  of  tnxbulence  in> 
creases  vgpward.   The  correlatico  coefficient  is  entpirically  fomnilated  as  fdlorai 

R(Sj,«j)  =  ew[-0.85(«2^^  -  «j^^^^>l 

The  coherence  function  Y(z2'^i'"'  between  the  two  heights  Sj         *i  J*' 
calculated.    The  coherence  is  found  empixically  and  is  expressed  as: 

1/2 

lyiz^,z^,n)]        -  ejqpl-lcnlz^  -  ^^i/^^^i 

Because  the  correlation  coefficient  between  the  two  heights  depends  on  the  height 
difference,  k  should  be  a  function  of  two  hoiq'ntj?.  Al.so,  it  has  befjn  fonned  that 
k  increase  as  the  wind  speed  increases  and  the  heigtit  of  the  air  layer  decraaaes. 

Cbser^^ation  at  the  NHK  Kawaguchi  Tower 

Many  observations  of  the  atmohpheric  boundary  layer  have  been  made  by  using  broad- 
casting towers  in  or  near  the  city.     For  exaaaple.  Soma   (1964^  has  analyzed  the  data  ob- 
tained at  the  Tokyo  Tower  and  has  studied  the  turbulent  structure  of  high  wxnd  ovcur  the 
urban  area. 
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SinCQ  «i£  polltttion  has  MCMntly  teeoaw  «  terioiis  pzoblOK  in  tlM  uziMA  txmA,  various 
Mteoxological  observationa  have  often  heen  aada.   the  fbllonring  will  dasoribe  such  obsar- 
vatioiu  taken  at  the  MHK  Broadcasting  tomx  near  Tbkyo. 

In  1971  and  1972,  Vokoyama  and  his  collaborators  installed  sonic  anemometer- thermome- 
ters/ to  measure  the  wind  fluctuations  which  are  closely  associated  with  diffusion  of 
pollutants  (see  Hltsuta,  1966  for  the  sonic  auieDOBeter-thermometer) .    The  heights  of  the 
anemometers  used  were  10,  45,  90,   180  and  313  to,  respectively.     The  tower  is  located  in 
a  suburban  residential  area  where  the  ground  is  rather  flat.     Measured  signals  were 
recorded  by  long-time  magnetic  tapa  recorders  and  the  play-back  signals  wore  processed 
by  an  analogue-digital  converter  and  a  computer.     Various  statistical  quantities,  such  as 
turbulent  velocity  and  momentum  flux,  were  then  analyzed.    The  analyses  of  these  qxiantities, 
indicate  the  following; 

(a)  Megnitode  of  Vertical  Fluctuation 

For  a  oonatant  flux  layer  (i.e. ,  layer  up  to  about  SO  m  abava  the  ground)  it  is  well 

known  that  the  magnitude  of  vertical  fluctuation  related  to  the  friction  velocity 

as  follows f 


tb*  tern      is  a  universal  function  of  the  stebility  a/L  (Li   Nonin-Obukhov  stability 
length)  and  A  ia  oonstsnt.    In  the  constant  flux  layer*  the  friction  velocity  is 
obtained  from  the  vertical  distribution  of  the  mean  wind  sp««d  and  also  f rosi  the  co- 
variance  of  wind  fluctuation,    in  a  layer  higher  than  the  constant  flux  layer^  the  equa- 
tion Bsntioned  above  does  apply*    However,  when  the  local  friction  velocity  obtained 

X/2 

froit  the  covariance  (i.e.,  u^  s  -u*  w'     )  is  used,  the  equation  epplies  in  the  higher 
layer*    The  relation  between  cr^/u^  find  tha  stability  z/L  is  then  studied  and  is 

determined  as  a  function  of  the  stability. 

(b)  stability  and  Relation  between  n  _  and  U 

In  many  cases  at  height  of  45  m,  the  magnitude  of  vertical  fluctuation  is  propor- 
tional to  the  mean  velocity  U.     At  a  heiglit  of  313  m,  tiowever,  it  seems  that  there 
exists  a  linear  relation  only  over  the  certain  value  which  night  be  determined  by 
the  stability  as  shown  in  Fig.  4. 

CbServations  at  the  Tower  in  Okinawa  and  Iwo-Jima 

Kinase  et  al.    (1972)   have  made  wind  observations  by  using  the  OHK  TV-Tower  in  Okinawa 
(165  m  high  above  the  ground)  and  Loran  Tower  in  Iwo-Jima  ('UOmhighJ.  Aerovane-typc 
anemometers  were  installed  at  6  levels  at  the  OHK  TV-Tower  and  at  8  levels  at  the  Loran 
Tower.    Since  there  existed  strong  electromagnetic  fields,  special  attention  was  given  in 
the  installation  of  the  anemometers  at  both  towers. 

(a)  Vsrtical  DlstribntlMk  of  Mean  Hind  ^peed 

ihe  data  obtained  at  the  xoran  Tower  during  Typhoon  No.  7017  diows  that  the  power 

index  is  appraxinatsly  equal  to  0.12  although  the  wind  was  not  very  strong.  Sindlar 


-  fta«^^(s/L) 
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pcNMr  Indax  vbIum  mxm  obtatiMd  fron  tiM  otbm:  vlnds.    Ttie  wind  profile  at  OHK  TV-Towar 
Is  not  rigp<«tB«ntttd  fay  a  single  straight  line  In  a  logarithmic  chart  and  during  certain 
tma,  the  povar  index  is  D.47  In  the  vper  part  of  the  profile  and  0.22  in  the  lower  region. 

(b)  Intensity  of  Tiubolence 

Exaii?>les  of  the  intensity  of  the  turbulence  O^/U  obtained  at  the  OHK  TV-Tower  and 
the  Tower  Loran  are  shown  in  Fig.  5.     The  turbulence  intensity  decreases  with  increasing 
heiqht  and  also  Tiean  wind  speed  at  the  OHK  TV-Tower  but  the  data  shows  a  different 
tendency  at  the  Loran  Tower. 

(c)  Gust  Factor 

The  Gust  factor  u  /U  (u  :     maximum  wind  speed)  obtained  at  both  towers  is  depicted 
m  m 

in  yiq.   G.     i'he  factor  varies    between  1.2  and  1.6,  and  sucms  to  decrease  with  iacxeas- 
Inc  height  and  mean  wind  speed. 

Observation  at  an  Array  of  Towers 

Observation  at  Tarawa  Island*  Ofclnaira 

In  order  to  obtain  data  on  high  winds »  whi^  are  reqvired  for  the  econondc  design  of 
towers  for  large  power  transnisslon  lines r  a  ntsri>er  of  observing  poles  were  installed  at 

Tarana  Island  in  Okinawa  (Mitsuta,  1974).    The  island  is  elliptic  (about  4  km  x  5  km) ,  and 
ha<;  a  flat  surface  as  shown  in  Fig.  7.    Most  of  the  island,  ground  is  level  and  is  around 
10  m  high  above  m.s.l.    Okinawa,  as  is  well  Icnown,  is  often  subjected  to  tj^phocQSt  wbi<h  ia 
why  Taraitia  island  has  been  chosen  as  an  observation  site. 

The  observation  site  as  Dhov.'n  in  Fig.  7,  is  near  the  southwcstorn  coast.     The  observa- 
tion facility  conslssts  of  an  array  of  27  observinq  polos,  in.^stallcd  with  39  ancitiomQters  and 
an  initi  Lunentiit  iun  houac .     The  configuration  o£  the  array  ir.  .ihown  in  Fig.   8.     Twenty- five 
poles  are  distributed  with  equal  separation  of  30  m  on  a  straight  lla^  o£  720  a  in  lao^th. 
the  height  of  the  poles  are  15  ■  except  om  wfaidh  is  50  b  in  height  and  is  loeated  in  tlia 
center  of  the  array*    Tiao  15  m  poles  are  placed  90  m  away  frosi  the  center  in  the  direction 
petpendlcnlar  to  the  baae  line  three^o^  ansBoaetiers  and  tarovanetype  anancoietars  are  at' 
taflhed  to  the  poles  m  riXMn  in  H»  8.   ihe  syeteR  1*  atarted  when  tb»  nonltorlng  aiMOMMtar 
ottt^t  exceeds  a  preset  wind  speed.    Hie  wind  observation  was  initiated  in  the  ndadXe  of 
1972  and  has  continued  since  that  tlae. 

(a)  correlation  Ooeffielent 

The  wind,  whose  diceetion  is  perpendicular  to  the  base  llne»  is  selected  and  read 
out  every  l.S  s  fox  12  Min.   Bxaqples  of  auto  and  cross  correlation  coefficient  fOr 
the  sasB  run  are  shown  in  Figs.  9  and  10,  in  whldh  the  wind  eosws  froai  an  Inland 
direction.    The  dots  in  Fig.  10  show  ttM  correlations  of  all  possible  ooolblttations  fron 
the  observing  points,  and  the  solid  lines  show  the  average  valuer.    The  average  integral 
scale  of  the  turbulence,  in  the  longitudinal  direction,  is  about  120  m  and  in  the 
lateral  direction  is  about  20  m. 

(b)  Gust  Factor 

The  Gust  factor,  as  a  function  of  both  gust  duration  and  its  lateral  scale  at  the 
height  of  15  m  was  obtained  from  the  data.    Figs.  11  and  12  show  an  exaio£>le  o£  th«  two 
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dineiMloaal  gust  factors  for  the  saiae  run.    variations  of  space  averaged  gmt  factors, 
with  an  averaging  tine,  are  shorn  in  Pig.  11  and  show  the  power  law  approxiination. 
Fig.  12  shows  the  tine  averaged  gust  factors  as  a  function  of  average  tijMf  vAiich  also 
shows  the  power  law  approKifltation. 

Observation  and  ^irtlier  analysis  are  now  being  conducted,  and  nore  detailed  results 
are  ei^ected  in  the  neer  future. 

Observation  at  Satoura,  Tokushiroa  Pref. 

Five  towers  trere  placed  along  a  line  parallel  to  the  coastal  line,  whic^  runs  from  SSE 
to  MNE,  at  Satoora  of  Itaruto  City,  Tokushima  Pref.  (Shiotani,  1969),  for  the  seme  purpose 
as  deserihed  in  Section  2.1.    the  towers  were  located  at  12  ,  35  ,  80  and  190  n  fcon  the  south 
end.    vhey  are  40  n  in  height  and  were  installed  with  Aerovane-type  anemneters.    The  obser- 
vations were  initiated  in  1966,  with  readings  taJeen  every  1  e  for  10-13  nin. 
(a)  Correlation  Cbefficient  and  Scale 

The  cross  correlation  coefficient  of  the  longitudinal  wind  at  the  points  s^arated 
by  ri  in  the  lateral  direction,  is  denoted  as  t)  ,  «diere  T  ia  tiate  lag.    The  data 

shown  as  open  circles  in  Fig.  13,  is  the    parameters  ^^^(n),  which  is  defined  as 
*UU**''  0) .    In  the  lateral  direc^on  the  integral  scale  of  the  turbulence  is  about  50  a 
representing  the  wind  from  the  sea,  and  is  about  65  m  for  the  wind  from  the  Ian!.  The 
integral  scale  ia  aonewhafc  larger  for  the  wind  iron  the  land  than  from  the  sea,  at  a 
height  of  43  m. 


longitudinal  direction,  can  be  estimated  from  the  auto  corteidtion  coefficient  by  use 

of  Tavlor's  hypothesis.     The  results  are  R     (£)   =  R     (t)  where  f  =  U": ,  where  the  oara- 

uu  uu 

meters  R     (4)   is  shown  in  Fig.  13.     The  longitudinal  scale  of  the  turbulence  uan  then 


be  estimated  using  this  data.    The  scale  thus  obtained  using  a  constant  height  is  204 
■  for  the  wind  fron  the  sea  and  154  ■  for  the  wind  from  the  land.    Htm  turbulence  be- 
cones  greater  for  the  wind  fron  the  sea/  which  is  opposite  to  tfoe  result  in  the  lateral 
direction.    The  scale  of  the  turbulence  in  the  longitudinal  direction  ia  3  to  4  tines 
as  large  as  that  in  the  lateral  direction, 
(b)  Space  Correlation  Coefficient 

Using  Taylor's  hypothesis,  the  spatial  pattern  of  the  space  correlation  coefficient 
Ti)  can  be  estinatsd.    An  sxaaple  of  the  pattern  is  Shown  in  Fig.  14. 

Field  Observation  by  Other  Methods 

In  oonnee«len  with  air  pollution,  as  mentioned  previously,  extensive  Observations  have 
been  nade  in  Industrial  and  urban  areas.  In  addition  to  naking  observations  using  towers. 
Other  techniqMea  have  been  «ployed. 

One  such  method  utilises  a  spscial  radiosonde  atta^ied  to  a  tethered  balloon  and  can 
■easure  turbulent  winds  (YokoyaDia#  1969) .    A  low  altitude  radiosonde  has  recently  been 
developed  for  obsuving  the  wind,  tesperature  and  pressure  in  the  layer  up  to  2000  m. 
These  instrwents  and  the  low  altitude  radiosonde  are  often  used  for  observing  the  wind 
over  the  udMut  area  (Takeuchi,  1975) .    Data  thus  obtained  are  of  great  use  in  classifying 


Th<:  auto  correlation  coefficient, 


R     (4)  wher-e  t,  is  th<;  downwind  distance  in  the 
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local  wind. 


AdditlODAl  papers  concerning  th«  turbulent  wind  OWr  th*  UXtMA  MM  hAve  bMn  publilh<d» 
by  Naluuio  at         1974  and  Hanafusa  «t  al.«  1974. 

Wind  Tuaiial  BBatl«<nt 

Zn  OKdar  to  clarify  tha  tdiaraotarlstloa  of  local  wind*  nany  testa  have  bean  oonduetod 
In  a  wind  ttDinal#  but  fair  popera  have  baon  pidbllahad. 

Xanei  et  al.  (1974)  conducted  wind  twnela  experlMnta  in  order  to  study  local  wind 
induced  by  tall  buildings  #  and  also  race— leiided  aons  practical  aethoda  to  astinata  the  high 
wind  region. 

Suda  et  al.    (1974),  presented  a  paper  on  model  »yn<=ri>onts  concerned  with  the  study  of 
local  winds  induced  by  a  small  island.    This  Study  will  be  a  great  help  in  the  design  o£ 
long  span  suspension  bridges. 

In  order  to  simulate  the  atmospheric  boundary  layer  in  the  laboratory,  Sato  et  al .  (1974) 
developed  a  velocity-distribution  generator  by  introducing  a  variable  resistance  in  the  wind 
tunnel.    This  device  consists  of  a  series  of  sliding  plates,  and  should  be  of  great  use  in 
studying  the  local  wind  in  detail. 

Concluding  Remarks 

A  survey  of  recent  work  on  the  characteristics  and  structure  of  the  wind  in  Japan  is 
given  relative  to  the  author's  interests.     Thus,  other  important   -♦'udies  are  not  included 
herein.    This  svirvey  indicated  that  further  research  studies  on  the  structure  o£  turbulent 
wind,  should  be  conducted. 

Data  should  be  accumulated  by  various  methods  (e.g.,  tower,  tethered  balloon  and  any 
radioaeBda)  t.  different  looatione  i.e.  urban  areas  and  coastal  areas.  Itte  structure  o£ 
local  wind  slKMlld  alao  be  clarified  la  ralatlon  to  the  synoptic  aateocology  and  topography. 
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Fig. 2  Cross  correlation  coefficients  betMeen  two  heights 
{Shfotanl.1975)  ^ 
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FI9.3    Isopleth  of  correlation  coefficients  in  a  vertical 
plane  parallel  to  mean  wind  velocity  ($h1otanf ,1975) 
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Fig. 5  Intensity  of  turbulence:  (a)  Ok1n«wa.(b)  ItfO-JIna 
(Kinase  et  a1..1972) 
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Fi«}.7    Topo9rdphy  of  Tarama  Island.  A:  observation  site 
(Hftsifta,1974} 


Fig.8  Arrangement  of  observing  poles  end  anenmiieters 
(Mit$uta.l974) 
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Fig. 9   Auto-correlation  coefficient  of  wind  velocity  whose  direction 
i%  peipendfcular  to  tlie  taM  llm  (N1tsata,l974) 
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Fig. 11   Space  averaged  oust  factors  as  4  function  of 
averaging  time  (N1tsuta,1974) 
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Fig. 13  Averaged  cross-correlation  coefficients  as  a 
function  of  lateraT  distance  (open  circle)  and 
averaged  auto-correlation  coefficients  as  a 
function  of  dOMnwind  distance  (Shiotani,l969) 
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A  REEXAMIHATION  OF  HURRICANE  CAMLLLS 
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ABsnncT 

Newly  available  oceemographic  and  meteorological  data  on  major  storms  and  hurricanes 
strixing  the  Gulf  of  Mexico  during  a  31-month  period  provided  by  eight  petroleum  firrna  pre- 
sent an  opportunity  to  reexeunine  and  reevaluate  Hurricane  Canille,  one  of  the  most  severe 
and  destructive  stoxns  ever  to  strike  the  Gulf.    (Naxinun  wave  heights  of  72  feat  were 
recorded  as  the  eye  of  the  hurricane  paased  witfaiA  15  niles  of  one  metsureaient  statSoii.) 
flM  nev  data  on  Csnille  oaqpciee  one  of  the  aost  oo^prehenelve  eets  of  ooeanographic  end 
■etaorogollcel  inf onation  eveildble  for  endi  an  extreiM  weathM  event  and  ahould  prove 
dLnvalnable  in  baalc  reaearch  and  offehen  engineering  ^epllcationa.   With  Inereaeing 
avaiUibllltY  of  thia  type  of  Infomtion  likely  as  the  Nation  develop  its  of f dwre  anergiy 
reaouroee*  qpieatlona  arlae  ae  to  what  pgooednree  ehoutd  be  folloeed  to  acoeae*  diaaenlnateg 
and  nae  -tiieae  data  aoat  effectively  and  what  ooatribtttione  this  important  new  data  eeeree 
iMor  tMdte  to  etirxwftt  knowledge  of  antrapa  atom  evaata  and  their  effeeta  on  engineering 
atruoturea.    itaa  data  available  for  Cmille  are  exaained  to  provide  tentative  anawere  to 
thaae  quaatlona. 
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Introduction 

The  Shell  Oil  Company  of  Houston,  Texas,  acting  on  behalf  of  eight  petroleum  firms, 
recently  donated  oceanographlc  and  nateorological  data  on  major  storms  and  hurricanes 
striking  the  Gulf  of  Mexico  from  October  1968  to  Novaniber  1971  to  the  Knvlronmsntel  DBt« 
SsEvlc*  Of  tlw  U.S.  DspertBwt  of  Ooaaeroe's  NatiaMl  Oceanic  ana  AtnoaplMric  MnLnlttra- 
tlon.    These  data  include  infox«atlon  on  Barriean*  canilla,  one  of  the  aost  intense  and 
destnaetive  tropical  stonBs  ever  to  hit  the  united  States  mainland*    Casillle  killed  256 
people  and  caused  property  daoMige  of  about  $1.42  billion  along  the  Mississijppi/Lottiaiana 
Gulf  coast  and  in  Virginia  (flooding).  [2]* 

The  data  were  collected  vt  a  cost  exceeding  one  Billion  dollars  in  a  cooperative 
effort  called  the  Oeeanographic  Data  (Sathering  Progran. 

Data  on  wave  height^  wind  speed  and  direction*  and  baronetric  pressure  were  recorded 
ftt  six  offshore  drilling  and  production  platforus  spaced  along  260  miles  of  the  louisiana 
coastline.    Ihese  six  loeatims  are  slioim  in  figure  1. 

Wind  and  wave  Instruaentation 

The  wind  and  wave  sensors  used  were  Baylor  Model  9737  Ifave  Measuring  Systems  (rugged 
construction,  non-fouling,  trith  a  long  record  of  reliable  performance)  and  Sendix  Model 
120  Jiarovanes,  which  measure  wind  ^eed  through  the  rotation  of  a  propeller  whidi  drives 
a  DC  graerator.    The  wave~msasuring  instrwents  give  a  continuous  analog  output,  witii  a 
resolution  of  O.li  of  full-scale  acduracy  and  a  linearity  of  1.0%  of  full  scale.   The  wind 
speed  thrediold  is  3  fl^«  with  an  accuracy  of  *  3/4  mph  from  3  to  45  i|ph»  and  +  3  mph  from 
45  to  30O  nph.   The  direction  sensors  are  servo-transmitters  driving  servo-receivers 
which  rotate  potentiometers.    The  overall  accuracy  of  wind  direction  ia  ±5*,  with  a  10* 
deadband  at  north.  [4] 

Data  collected 

The  total  data  oolleetion  co^rieas  252  analog  magnetic  tapes.    Additionally,  170 
atrip  charts  of  varying  q;uality  and  usefulness  were  recovered.    When  estimated  by  sensor, 
data  were  gathered  for  waves  approximately  70%  of  the  timei  fox  wind  speed  61%  of  the  timei 
and  for  wind  direction  55%  of  the  time.    In  general,  the  quality  of  the  data  recorded  on  the 
magnetic  tapes  is  good.    The  accuracy  of  the  data  gathered  by  each  sensor  must  be  consi- 
dered individually,  but  the  accuracy  for  all  data  is  generally  within  4  5%  of  the  value. 

Data  Previously  nvallible  oo  Camilla 

In  severe  storm  situations  it  is  difficult  to  obtain  reliable  wind  speed  measurements, 
and  Hurricane  camille  was  no  exo^tlcn.    Of  data  previously  available,  i^roxlmately  six 
wind  speed  obseorvstion  records  could  be  onuddnred  reasonably  sellitble.   Two  of  the  most 
useful  in  e8tiA>lishlng  the  general  level  of  the  wind  were  the  observations  taken  at 
Xeesler  Mr  Force  Base  and  a  record  from  iransworld  Drilling  Ooopany's  Rig  50. 

Vigures  in  brackets  refer  to  the  references  listed  at  the  end  of  this  report. 
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h  M!piroduetlein  of  th«  TrwwMorld  fOOxA  [11  i«  giym  1»  figuttt  2.    It  shom  m  wmximn 
wind  tie— A  of  172  wsflx  at  tte  100  ft.  li«v»l.  WMa  r«diio«d  to  the  30-ft.  l«v«l  using  th« 
1/7  pOHvr  lMv»  tho  nsultlng  pMk  qa»t  im  144  qeh* 

Barller  wave  data  fsan  tha  atmii  asaa  ai«  lialtad  to  a  total  of  14  cbaazvationa  fzvn 
ships  elOSa  aaoug^  to  Camille  to  record  winds  of  35  knots  or  nota.  [S] 

The  most  complete  Information  previously  available  on  Hurricane  camille  conoacna  atoaoa 
aurga  and  la  baaad  on  oharta  praparad  by  thA  a*S.  Gaologieal  Surv«y  (flgvra  3} . 

Hay  caailla  Data 

Cawilla  was  spSMnad  by  a  troploal  wava  tbat  nvad  off  tha  Afeiean  coast  on  August  5, 
1969.    It  was  traOlMd  across  tha  Atlantio  to  tha  waatam  tip  of  Cuba  by  tha  avaning  of 
Augost  15,  antarad  tha  Golf  of  Hudoo  with  a  eantral  prassnrs  of  908  nillibaeSf  and  aarly  on 
August  17  was  loeatad  250  nilaa  aouth  of  Nobila*  Alabana. 

Camille 's  storm  track  (figure  1)  was  such  that  tha  storm  passed  between  Stations  1  aod 
2  of  the  Ocean  Data  Gathering  Program,  with  the  center  passing  about  14  miles  west- southwest 
of  Station  1  at  1730  CDT  on  August  17,  1969,  and  about  48  milas  eeuit-northeast  of  station 
2  at  1645  CDT  on  August  17.    [3)     Station  1  gathered  complete  wave  data  until  1600  CDT  on 
August  17,  when  clie  wave  sensor  broke  loose  subsea,  twisted,  and  shorted  out  against  the 
platform,     wind  data  continued  to  be  gathered  until  1630  CDT  August  17  when  salt  water 
shorted  out  the  powt;r  system.     Subsequetit  to  the  loaa  oi  power  to  the  -station,  the  Bendix 
Aerovane  cjune  aypart  leaving  only  the  center  section  assembly  attached  to  the  tower. 

VMan^  foot  waves  ware  first  raoordad  at  Station  1  at  about  OSOO  an  August  17,  1969, 
narking  tiia  beginning  of  tb»  atom  at  that  station.    Due  to  power  failure,  whioh  oeourred 
at  1620  CDT  Auguat  17,  1969,  Hie  and  of  tika  atom  at  Station  1  oould  not  be  detaminad. 
Sigaifleant  wave  and  wind  ehexBieterietlee  during  tha  period  fxon  1330  to  3230  GOV  on 
August  17  at  platfoma  1  and  2  ivpmt  in  Vabla  1. 

Nave  data  have  bean  analysed  for  ona-'half  hour  intarvala  during  parioda  of  tha  stozn, 
and  the  wava  spaotrun  for  Station  1  for  tha  period  1545  to  1615  CDT  Auguat  17,  1969,  anpaara 
as  figura  4.   At  that  tins,  Canilla  was  loeatad  about  24  nilas  sooth-southwast  of  tbm 
atation,  and  station  weather  oonditions  are  tiionght  to  have  bean  very  clooa  to  their 
BaBcimn  valuea.    Hhe  significant  wave  height  was  oaleulatad  fron  eac^  wave  spectra  and 
figura  5  shows  the  significant  wave  heights  varsUB  time  for  Stations  1  through  3.  TH» 

Bfixiniwn  wave  hel^t  recorded  daring  tha  sans  intarval  (1545  to  1615  CDT)  was  72  ft. 

sioniflcanoa  of  ta»  wsw  Data 

using  tha  extresM  value  diatributione  of  wind  spaed  and  significant  wava  halghta  for 
axtratropioal  atoma  available  fron  Ocean  Station  vaaaal  data,  H.C.s.  Ihon  [6]  developed 

a  tacihaiqaa  to  derive  an  extreme  wave  height  distribution  in  any  axtratropioal  area  of  tha 
daip  oceans.    With  new  data  such  as  that  for  Hurricane  Canille,  where  the  relationship  of 
wave  scale  to  wind  scale  can  be  determined,  a  simileu:  technique  might  be  developed  for 
tropical  sureas.     And  such  data  are  likely  to  become  increasingly  available  as  the  United 
States  and  other  nations  expand  their  offshore  energy  exploration  and  drilling  activities. 
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RBoognlslag  th*  iafportaneft  of  wliid#  w«v«f  and  •tem  aurgs  infeziMtion  to  atmetttral 
deaign  along  ooaatal  anaa*  and  to  offahora  faolUtiaa  such  aa  maclear  powatplantaf  drilliaig 
xiga,  and  aupartankar  taxnlnalar  it  ia  inparatlva  tiiat  laMdlata  attantioii  bo  glvan  to 
aaaaaaing  vadflc  gaqatrawanta  for  aueh  infomatlon  in  our  ooaatal  bom  araaa.   9im  in- 
oraaaing  nunbar  of  offshore  platfoxna  that  will  soon  be  erected  in  coastal  waters  offers 
us  the  opportunity  to  develop  onsite  obaarvation  networks  capable  of  obtaining  the  optinun 
wind  and  wave  information  needed  to  give  us  a  better  understanding  of  the  internal  struc- 
ture of  hurricanes  and  tropical  storms.     Such  onsite  data  collection  will  provide  at  least 
seiripermanent  sources  of  detailed  "point"  observations,  as  opposed  to  current  random  ship 
observations  sutrmarized  over  one  degree  squares  (or  even  larger  areas)  because  of  the  lack 
of  fixed  observation  platforms. 

Such  long-cerm  "point"  records  are  critical  to  the  developnient  of  accurate  detailed 
environmental  data  statistics  needed  for  the  designt  construction,  and  operation  of  both 
Of fabora  and  onalwwa  faeilitiaa  in  th*  coaatal  araa. 
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6.  Umb*  H.  C.  8.    BxtraBM  Wava  Height  Diatrltoutlona  ovax  tiia  Ooaaaa,  BuvtMOMantal  Data 
flarvlca,  MOM,  1973  (an  utvdbllahad  ««p«rt). 
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Flgiira  2.    This  wind  chart  from  TransworU  Drilling  Coapany's  Rig  SO 

was  set  on  double  scale,  and  the  recorder  was  laCt  running 
after  the  crew  evacuated. 


tolglM*  MwM  IMU  tM  iMil 
lEny  nn*  ImllcfttM  nimt  of  ll«iiduiR 

Figure  3.    These  are  the  results  of  the  storm  surge  generated  by  Hurricane 

Camllle  on  the  Gulf  Coast  from  the  Pearl  River  to  Bayou  La  Batre; 
based  on  charts  prepared  by  the  U.S.  Geological  Survey, 
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WAVE  POWER  SPECTRAL  DENSITY-LINEAR 


Data  Tape  115  

Location       SP  62  A 

Time  1545-1615  CDT  August  17,  1969 


CYCLES  PER  SECOND- HERTZ 


Area  under  curve,  Mp  =  116. 82  ft.  ^ 

R.M.S.  wave  height,        \^  =  10.8  ft. 

Significant  wave  height,   i'M'o  =  43.2  ft. 

Period  of  Max.  Energy  =  13.2  sec. 
Figure  4 
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8I0KIFICANTWAVE  HEIGHT  VS.  TIME 


oni  0615  loK  uli  litS  Sis 

Time  (CDT)  August  IT.  1969 

Figure  5 
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FIRB  tOmUUIO  MID  ITS  MMCHBM  MIND^SraBD 


by 
S.  Soma 

Physical  Hftteorology  Laboratoory 
|lat«oselo9i««l  MwManch  Znstitntv 

and 

K.  Suda 
Diix«ctor 

Meteorological  Braearch  Institute 
ABSntACT 

Vary  few  studies  have  been  conducted  or  fire  tomidoeay  owing  to  its  rare  oocurxenoe* 
aOMever«  in  JaFsn*  snidi  public  attention  has  been  directed  to  this  [ihenonenon  in  view  of  tile 
fact  that  eatastcQphie  daaags  has  bean  caused  hjf  teo  fire  tornadoes.   One  sue^h  tornado 
developed  during  the  Great  Xante  Earthquake  in  1923  and  another  at  IMsmyaMk  City  in  1945* 
The  cause  of  such  catastrophic  damage,  due  to  these  fire  tornadoes  is  two- fold.    One  is  the 
formation  of  a  tornado*  in  burning  of  the  urban  area*  and  the  other  is  the  peculiar  feature 
that  the  tornado  is  accompanied  by  strong  winds. 

In  the  present  report,   the  characteristics  of  the  fire  tornadoes,  which  have  been 
experienced  in  Japan  are  reported  and  the  estiaatad  wsxluii  wind  speed  in  the  tornadoes  ace 
given. 

Key  Words:    Fires;  Fire  Tornados;  Tornados;  Tornado  Model;  Wind  Speed. 
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Intooductioti 

Only  a  very  few  studies  have  been  nade  on  the  fire  tornadoes  because  of  the  rarity  of 
the  phenomenon  and  aacocdingly,  many  problems  related  to  it  are  left  unsolved.  Bowevei^  in 
Japan,  much  public  attention  has  been  directed  to  this  phenomenon  in  view  of  the  catastro- 
phic events  that  occurred  during  the  Great  Kanto  Earthquake  in  192  3,  which  killed  38,000 

people.     The  formation  of  this  fire  tornado  was  then  attribvtted  to  the  passage  of  a  cold 
front  and  this  view  has  boon  maintained  £or  about  fifty  years  without  any  reexamination  by 
scientists.     However,  a  fjurvey  of  studies  made  in  various  countries  and  the  detailed  analy- 
sis of  weather  data  at  the  time  of  th<?  formation  of  the  tornado,  revealed  that  the  fire 
tornado  waa  due  mainly  to  the  conflagration  caused  by  the  earthquake. 

In  Japan,  two  tfell  known  fire  tornadoes  have  caused  many  casualties:    one  is  related  to 
the  Great  Kanto  Barthquake  in  1923  and  the  other  to  the  great  fire  of  Wakayana  in  1945. 
The  causes  of  the  catastrophic  damage  arei  (1)  fonation  of  the  toznado  in  the  boxning  of 
the  tirban  area  and  (2)  peculiar  feature  of  the  tornado  acooiqpanied  by  extrenely  strong  wind, 
m  the  present  report  the  fomation  and  characteristics  of  the  above  two  tornadoes  r  in 
Japan,  are  described. 

1.   Process  iisading  to  tiie  Fomation  of  Fire  Tornado  in  Tokyo. 

(i)  The  Old  Site  for  the  clothing  Depot  just  before  the  Foznation  of  tlie  Fire  Tornado 

In  the  City  of  Tolqro*  in  1923,  there  was  a  vacant  area  of  70#000  square  antere 
wide  along  the  River  Sunidaf  which  had  «nee  been  the  site  for  the  Clothing  D^ot  of  the 
niperial  Amy  and  than  transferred  to  the  Td^o  Cl^  for  construction  of  a  park*  This 
vacant  area  popularly  called  "The  Old  Site  for  the  Clothing  Depot"  (to  be  abbreviated 
OSCO)  was  located  in  downtown  Tokyo  tdiich  was  crowded  with  wooden  houses.  Following 
the  great  shock  of  September  1,  1923»  fire  spread  all  over  this  area  and  refugees 
from  the  fire  advanced  toward  the  vacant  ground  of  tl.f?.  OSCD  voluntarily  or  led  by 
policemen.    As  a  result,  a  little  after  3  p.m.  on  Sept.  1,  the  ground  was  crowded 
with  more  than  40,000  rofugoos.     People  there,   free  fron  fear,  were  eating  food  or 
making  a  bed  for  the  night  and  nobody  ejcpected  the  formation  of  a  fire  tornado. 

(ii)  Spread  of  Fire  Around  the  OSCD. 

Examination  of  the  Brread  of  the  fir*?,  on  the  basis  of  a  map  of  the  burnt  area 
prepared  cy  Prof.  S.  Nakamura  of  Tokyo  University,  reveals  that  about  3s30  to  4:00  p.m. 
on  Sept.  1,  1923,  when  the  fire  tornado  formed,  the  entire  Tokyo  City  had  not  been  on 
fire.    lUround  Uie  OSCD  along  the  River  SwdLda,  however*  a  vast  urban  area  of  3fOOO 
meters  long  in  North-South  and  1,600  meters  wide  in  Bast-NBst  had  alrsa^  bean  on 
fire  except  the  OSCD.    m  other  words,  the  OSGD  was  then  surrounded  fay  a  burning  area 
several  times  larger  than  itself  and  was  crowded  with  40  thousand  refugees. 

(iii)  Strike  of  the  Fire  Tornado 

A  refugee  who  barely  survived  the  disaster  of  OSCD  and  witnessed  the  strike  of 
fire  tornado  reports  tiie  tollowing:    The  tornado  attacked  OSCD  with  a  daafming  roar 
and  scattered  fire-flakes  on  the  heads  of  the  refugees.    Clothes  and  hous^ld  goods, 
brought  by  the  refugees  caught  fire  at  once  and  the  fire,  fanned  by  strong  %find, 
spread  all  over  the  OSCD.    The  tornado  raged  for  only  about  20  ednutes  but  it  took 
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38,000  liviM  in  •  qnldc  aoMiit. 
2.   Charaet«rlstl«  VMtura  of  tlM  Pin  Vocnado 

(i)  Shape  of  tiio  Flro  Tornado 

Baaad  on  old  litoratazOi  a  study  waa  made  on  the  ahape  of  the  OSCD  fire  tornado 
in  order  to  aee  whetlier  it  waa  like  the  funnel  of  a  natural  tornado  hanging  down  fron 
the  nodier  cloud. 

•  ihete  were  at  leant  two  thouaand  people  lAe  barely  aurvived  the  rage  of  the 
strong  wind  and  f laaa  in  OSCD.    itaey  nuat  have  had  a  Ohance  to  witneea  the  fire  tom^ 

do  by  their  own  eyes.    Furthennore,  there  muat  be  nany  people  utao  oould  see  the 
tornado  from  the  opposite  bank  of  River  Sunida,  even  if  they  were  frightened  by  the 
eiurthquakc.     As  the  river  is  only  150  meters  wide,  it  must  well  be  possible  to  obs«fWa 
the  tornado  across  the  river.     But,  only  very  few  of  the  old  literature  includes  a 
description  of  the  shape  of  fire  tornado,  as  quoted  bplov. 

"About  3:30  p.m.  I  saw  the  siaoke  gathering  and  towering  high  up  in  the  sky" — 
witness  of  Mr.  K.  Kondo.     "About  3s 30  p.m.  a  strong  crack  was  heard  from  the  northern 
direction.    With  the  intensification  of  the  sound,  some  attributed  it  to  approaching 
tsunami  while  others  to  ignition  of  explosives  but  nothing  definite  was  known,  then 
I  saw  deep  black  snoks  flowing  in  a  whirl  m  big  as  a  hill  presenting  a  horrible 
sight' *~«itneaa  of  Mr.  K.  Kmandbe  «Ik>  observed  tbs  fire  tornado  fsaitte Hcoin  ground 
located  700  B  to  the  south  of  oecD. 

ihese  witnesses  nay  perhaps  suggest  the  presence  of  a  whirling  firs  tornado  but 
nothing  definite  is  knoun  about  its  shiq^. 

(ii)  Hind  Qpeed  lUisooiated  Wltii  the  Pire  tornado 

lha  order  of  Bagnitude  of  tiie  wind  speed*  aaaociated  with  the  fire  tornado,  is 
a  natter  of  ■ataorologioal  interest  but  anaannetrio  obaervation  la  never  poaslMe  in 
view  of  the  oondition  of  the  tornado  fozsBtion.    In  the  eaae  of  the  OflCD  fire  tornado, 
aona  refugees  testified  that  peraona  and  oarta  were  picked  uP  br  the  strong  wind,  but 
it  is  difficult  to  estlnats  the  wind  «psed  fxooi  the  testiSMny  alone,  fortunately, 
photograi^ic  plates  showing  the  wind  damage  on  trees  were  found  in  the  Report  of  the 
Great  Kanto  Earthquake  and  wc  could  estimate  the  maximum  wind  speed  associated  with 
the  fire  tornado.     Plate  1   (a) ,  which  is  reproduced  from  the  eibove  report,  shows  that 
the  trunk  of  a  tree,  about  30  cm  in  diameter,  was  broken  by  the  wind.     A  picture  of 
the  wind  daisage  of  trees,  quite  similar  to  the  above,  was  taken  during  the  tornado 
which  formed  in  July,   1971  in  the  suburbs  of  Omiya  City,  Saitama  Prefecture   (Plate  1 
(b) ) .    According  to  K,  Watanabe  of  the  Meteorologica-  Hesearch  Institute  (1971),  the 
intensity  of  this  tornado  is  estimated  to  rank  among  Class  F3  of  Fujita  Scale,  which 
rangea  froi  70.4  to  93*5  m/ama.    Censidaring  tiia  ^Bilarity  of  wind  danage  of  treea 
in  both  oasss  and  referring  to  tiie  atatenanta  of  witneeaea  quoted  above,  we  nay  suppose 
that  the  fire  tornado  of  OBCD  was  acwgianied  by  strong  winds  of  the  sane  order  of 
■agnitnde. 
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<lil)  oirttetlon  of  ih*  awvanent  o£  th«  oacD  tit%  toniado 

Ssaainlng  tiM  reports  on  the  Great  Xanto  Barthquake*  we  found  that  lumpaetedly 
nanor  peopla  stateA  the  dlraotion  of  the  fire  tornado*   However »  nany  have  nietaken  the 
dlreetloa  of  the  wind,  for  the  dlreetloD  of  the  tornado  notion.    Dr.  S.  Pujiwara  (1924) 
nade  a  oo^parative  stu^  of  their  reports  and  estinated  the  track  of  the  tornado  wind 
syetan  as  follows: 

"Judging  from  the  above  circvnnstances ,  the  fire  tornado  that  brought  about  the 
disaster  in  OSCD  would  have  formed  at  the  southern  border  of  Kitabanbacho ,  passed  nearby 
Umayabashi  Bridge,  moved  along  the  River  Sumida  up  to  Mr.  Yasuda's  mansion  in  i'okoamichc^ 
turned  eastward,  merged  with  other  tornadoes  at  Ishiharcho  and  then  movod  back  to 
OSCD  from  the  northeast."    If  we  trace  the  motion  of  the  tornado  based  on  Dr. 
Fujiwhara's  analysis,  the  tornado  seems  to  have  advanced  from  northeast  to  southeast. 
Ho  natural  tornado  ever  observed  in  Japan  moved  in  such  a  direction.    PurttonnDre,  the 
direction  of  notion  of  the  OSCD  tornado  was  exactly  opposite  to  the  direction  of  the 
prevalllaig  wind. 

<lv)  Clonde  in  the  Case  of  the  Great  Earthquake 

m  the  old  data  log  of  the  Central  Meteorological  Observatory  In  TV*yo,  Cb 
cloud  of  3/10  in  anount*  is  recorded  for  4  p.m.  of  Septeober  1.    it  is  almost  certain 
that  tfaia  cloud  was  ttian  overhead  of  the  oscD.    Ihe  stateamt  in  the  Report  of  Great 
Kanto  Barthquake  "Aa  it  began  to  rain,  we  made  preparation  to  protect  us  from  it  with 
sliding  doors  and  straw  mats."  sogpports  this  fact.    The  cloud,  which  is  recorded  in  the 
data  log  of  the  Observatory  siivly  as  Cb,  seens  to  have  been  unusual  anoagb  in  shape 
to  attract  public  attention  and  is  Rwntionsd  in  many  statements  in  the  n^ort  of  the 
Barthquake.   From  tiieser  Prof.  T.  Terada's  statement  depicting  the  cloud  condition  is 
quoted  belowt 

"About  3:30  p.m.  on  SeptooiMr    It  I  stood  in  the  verandah  of  my  house  at 
Kemageme-Akebonocho ,  looking  at  a  remarkable  cumulus  cloud  towering  up  in  the  sky  in 
the  southeast.    Surface  appearance  of  the  cloud  was  characteristically  different  from 

the  average,  i.e.,  protuberances  on  the  surface  were  fine  and  well-defined  reminding 
me  of  the  texture  of  the  volcanic  snoke  photographed  during  the  recent  eruption  of 
Mt.  Sakurajima.    The  towering  of  the  cumulus  cloud  in  the  blue  sky  presented  an  un- 
precedented spectacle." 

This  cumulus  cloud  nay  be  identified  with  the  cloud  that  cov'ered  the  OSCD  since  it 
was  observed  by  Prof.  Terada  from  Kanagcrae Akebonocho  in  the  southeastern  direction. 

K  picture  of  cumolonloibus  tak«i  by  Nitso  Harada  was  found  in  the  R^ort  of  the 
Berthquake  (Plate  2) .    It  is  not  clear  whether  this  was  the  cloud  covering  QSCD#  but 
its  unusual  shape  is  exactly  the  same  ae  depicted  by  Prof.  Terada.   Although  the 
formation  of  the  cloud  may  partly  be  due  to  the  favorable  synqptio  condition  swdi  as 
the  presence  of  e«btreplcal  air  mass  and  front,  its  direct  cause  will  more  properly  be 
attributed  to  the  energy  of  instability  creatad  in  the  stratification  of  the  atmoephere 
by  the  extensive  fire. 
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3.  Exainples  of  Fire  Tornadoes 

In  the  history  of  disasters  in  foreign  countries  violent  fir«  tornodoes,  that  have 
burnt  to  death  tens  of  thousand  people  have  been  recorded.     However,  smaller  ones  have  bMA 
recorded,  and  formed  in  olden  tinges  as  well  as  in  recant  yaars.    One  such  exanpla  of  a 
foreign  fire  tornado  is  given  herein, - 

In  June/  1961 •  a  French  cloud  physicist  J.  Dessens  conducted  an  experiment  by  making 
artificial  cumulus  clouds  on  the  plateau  of  the  Pyrenees.    He  placed  fourty-eight  kerosene 
burners  in  an  area  of  125  x  125  km  wide  and  make  lit  all  of  them  at  once.     Then,  quite  an- 
ejqpsctedly,  a  firia  tornado  formed  in  the  laa  of  tha  experiment  area  and  developed  to  d.  aisa 
of  10  flBtam  in  flla—tar  and  200  aaters  In  height  in  a  diatanoa  of  525  natwa  laairard  fxoa 
tha  origin  of  Uia  fira  (Plata  3- (a}).    Caraful  obaaxvatloiia  ravealed  that,  follcwlnig  tha 
flrat  tornado,  a  nunbar  of  othara  foxnad  in  aucoaaalon. 

In  Mqr,  1965,  in  tha  port  of  Mixoran,  a  Nozwagian  nannth  tankar  (56,000  t)  eradoad  in 
a  vbarf .   A  larga  hole  waa  then  nada  on  tha  alda  of  tha  Alp  and  patrolaum  guahad  out  and 
ettmht  fira.   Za  4ils  easa  too,  a  rawartwibla  fira  tornado  fomed  in  the  laa  of  tha  larga 
fira.  (Plata  4) 

Ob  tha  ocoaaion  of  tha  Mankai  Barthqiiaka  (nagnitoda  8.1)  in  Dacoibar,  1946,  a  larga 
fira  hroka  out  in  Oiingu  City*  Mduyana  Prafaotura,  and  burnt  doim  2,612  houaaa,  daatroylng 
25%  of  tha  ontlxa  vribaa  araa.    On  thla  occaaion,  a  fira  tornado  la  reported  to  ham  foraad 
in  tiia  rivar  beach»  in  irtildh  oltlaana  took  rafuga.    ihia  tornado  ma  not  larga,  but  was 
accBWpanlad  by  a  atrong  vind  whitih  blev  up  a  nat  of  22  xg  in  weight  into  the  aky. 

4.  Fire  vomado  in  the  Great  Fira  of  Hakasrana  City 

(1)  Formation  of  tha  Fire  Tornado 

A  fire  tornado,  much  larger  than  those  mentioned  above,  formed  in  association 
with  the  great  fire  of  Wakayama  City  in  July,    1945,  which  destroyed  68*  of  the  urban 

area.    On  this  occasion,  a  violent  fire  tornado  formed  in  vacant  area  of  the  old  pre- 
fectural  offices,  and  burnt  to  death  748  people.    Although  the  nuiri>ar>of  viotlaa  waa 
fax  less  than  that  of  tha  oatastrophic  OSCD  tornado,  it  eoTrasponds  to  more  than  604 
of  laka  total  loan  of  livaa  dna  to  tha  flra«  ahowing  tiia  vloloaoa  of  fire  tornado* 

Moir,  aavaral  atatananta  on  the  fomatlon  of  tha  tornado  in  wakayana  are  quotad 
froB  old  r^orta  .    "Thingr  to  fburty  idnutea  after  tha  outbreak  of  the  great  fira, 
violent  fira  tomadoaa  fooMd  in  savaral  placaa  in  tiia  city,   lha  largaat  one  aanng 
them  originated  in  a  atreat  with  a  traway  200m  atiay  to  the  aouth  of  the  old  oity  of floa 
ground  and  moved  northward,    iha  Inoandaaoant  flanm  of  tha  fire  tornado  atraanad 
horiaontally  aa  if  it  ware  blown  by  ballowa.   Pine  trees  planted  along  the  moat  were 
torn  away.    An  autsoobila  flaw  over  tt»  bank  and  junped  into  tha  noatt  red  hot  sine 
diaata  and  big  loga  ware  uplifted  to  a  height  of  20  >  30  natera." 

Aaida  frcai  the  above,  another  fire  tornado  formed  at  night  on  the  same  day  over 
a  apot,  ISOO  meters  away  from  the  old  prefectural  office  ground.     "In  the  Naval  timber 
yard  there  was  hundreds  of  thousands  of  feet  of  timber  stored.     This  timber  caught  fire 
and  were  uplifted  by  the  tornado  presenting  a  spectable  of  L:oantless  burning  chopsticks 
flying  high  in  to  the  sky  to  a  great  astonishment  of  the  refugees  around  Tsukiji  bridge. 
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"According  to  thm  ebcervatioas,  taken  fay  uakayaiia  Weather  station,  eaat-northaasterly 
irinds  of  2.5  u/b  w  blowing  just  before  the  outbreak  of  the  fire.    Exanining  the 
weather  charts^  six  hours  prior  to  the  fire,  we  find  that  fine  weather  prevailed  all 
around  Wcikayama  City  without  any  indication  of  front  or  other  weather  syatems#  that 

would  lead  to  the  formation  of  a  tornado, 
(ii)  Estimation  of  Maximun  wind  Speed 

It  is  not  easy  to  estimate  exactly  wliat  the  maximum  wind  speed  was  in  association 
with  the  fire  tornado  of  Wakayama  City.    However,  let  US  try  to  make  a  rough  estimate 
using  rocpnt  studies  on  Tornadoes. 

To  bcqin  with,  the  estimation  of  the  da.-nage  of  the  pine  trees  planted  along  the 
avenue,  wind  speed  of  about  40  m/s  were  required  to  break  the  pine  trees.  However, 
from  the  expression  that  "pine  trees— were  broken"  and  that  "big  logs  were  lifted  up  to 
the  heighi:  of  20-30  aetera"*  the  naxiauK  wind  speed  would  probably  have  exceeded  50 
m/B, 

Nextt  turning  to  the  wind  estination  by  examining  the  deaage  of  autanobiles, 
we  refer  to  the  record  of  the  tornado  that  struck  Toyohashi  City,  Aichi  Prefecture  in 
Deeenber*  1969.  As  this  tornado  passed  right  across  danagsr  not  only  to  the  buildings 
of  the  drive-in  and  its  annex  but  also  to  the  cars  parked  therein.    Sane  of  the  ears 
were  reported  to  have  bloen  a  distance  of  sf»e  tens  of  naters.    Zshiaaki  and  others 
(1970)  wade  an  estiBtation  of  the  mxliw  wind  qpeed  accMipanying  the  tornado  based  on 
the  danage  caused  on  buildings  and  concluded  that  the  speed  was  in  the  range  from  63 
to  119  m/B  (Fig.  1) .    If  the  estination  is  applicable  to  the  damage  caused  on  cars  by 
the  fire  tornado  of  Wakayama,  it  will  be  possible  to  rank  the  intensi^  of  the  tornado 
on  a  scale  of  P2,  which  corresponds  to  wind  speeds  ranging  from  50.4  to  70.3  m/s. 

For  the  wind  speed  of  the  fire  tornado,  which  lifted  up  numerous  timbers  at  the 
Naval  timber  yard  in  Wakayama,  we  shall  only  make  an  estimate  of  the  speed  of  the  up- 
draft.     It  w(?  suppose  that  the  diameter  of  the  timber  lifted  up  by  the  wind  to  be  20  cm, 
density  of  the  timber  to  be  0.5  cr/cm''  and  the  dray  coefficient  (C^)  of  a  cylinder  to 
be  1.0,  then  we  get  J5  m/s  as  the  speed  of  the  upward  current  that  will  hold  the 
timber  from  falling  down.     As  for  the  horizontal  wind  speed,  we  have  at  present  no 
means  to  estimate  its  value. 
5.     Experinventai  Study 

Although  a  considerable  number  of  fire  tornadoes  have  been  observed,  the  mechanism  of 
their  foxnatlon  has  not  beat  made.    It  ia  difficult  to  clarify  the  mechanism  through  the 
study  of  %feather  data  and  other  materials  in  the  formative  stage  of  the  tornado  because  of 
the  peculiarity  of  the  condition  during  the  formation  of  the  tornado.    Therefore #  an  ei^erl- 
mental  study  of  fire  tornadoes  was  made.    These  experimenter  which  are  inaaiq>lete  and  have 
yielded  only  qualitative  results r  will  now  be  outlined, 
(i)  Experimental  Apparatus 

The  apparatus  used  in  the  ea^eriment  consisted  of  a  circular  metal  base,  2  meters  in 
diameter  eimnlating  the  ground  surface  and  a  wind  generator  that  can  provide  any  wind 
distribution  in  either  the  horixontal  and  vertical  directiona  (Plate  5) .    Attached  to 
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bottom  o<  tlie  metal  base,  is  a  tank  of  2  maters  in  diair.eter  which  was  filled  with  water. 
The  water  temperature  was  controlled  in  order  to  give  instability  to  the  stratification 
of  the  air  above  the  base.     The  wind  generator  has  15  wind  ducts  arranged  in  three  row» 
and  five  lines*  each  of  which  is  equipped  with  a  fan  and  can  produce  any  desirod  wind 
speed . 

(a)  The  fonnation  of  a  fire  tornado  is  developed  by  placing  on  tho  metal  base  a 
circular  burning  plate,  which  simulates  in  the  simplest  way  the  burning  urban  area* 
The  burning  diac*  600  m  in  dlaneter  and  10  vm  thick,  is  mads  fxoai  flaas^rool 
■oakad  witii  Mtli^l  slcoliol* 

Jtaisiitg  tha  t«Bp«ra«ttrtt  of  tha  aurfaoa  of  tho  baaa  by  20*C  Aova  tbm  veon 
taaipwmtura  and*  «t  tba  aana  tiam,  flvlng  an  vproprlata  wind  apaad*  a  fira  toenado 
of  Dasaena  type  waa  f oEaad  aa  ahoim  In  Plata  3  (b) . 

(b)  COMldarlng  tha  fact  that,  in  tba  fonMtlon  of  tha  06CO  tonudo,  tba  OBGD 
9XOTnid  waa  auzroundad  by  a  bnmlng  urban  azMf  on  exparlnent  waa  condveted  ualng 
a  biixnlAg  plata  ainilar  to  tha  botnlng  azaa  In  abapa.   in  the  aana  namwr  aa 
daacribed  pravlooalyf  tba  tapparatura  of  the  auxface  of  the  natal  baae  was  ndaad 
by  20*C  abova  tba  xooai  tainparatura.    Than*  aftax  giving  appropriate  wind  aipaod  and 
horizontal  wind  ahear,  foxnation  of  a  xaMarkdble  vortex  ooltan  like  a  wbirl-wind 
waa  obaarvad  at  tba  spot  aurroundad  lAia  boxning  area  (Plate  6  and  Pig.  2) . 
Although  this  experiment  ainplifies  the  natural  wind  oondltion,  it  aeana  to  give 
essentially  the  model  of  the  OSCD  fire  tornado. 

If  the  temperature  of  the  metal  base  is  lowered  to  decrease  the  instability  of 
air  stratification,  the  formation  of  the  vortex  column  like  tornado  becomes  rare. 
However,  even  if  the  metal  base  is  not  heated,  vortex  columns  are  formed  sporadi- 
cally at  the  same  spot,  after  applying  an  appropriate  wind  speed  and  wind  shaar. 
6.    Characteristic  i  epicure  of  the  Earthquake  Fire 

Our  investigation  of  the  fire  tornadoes  in  the  OSCO  and  the  Wakayama  prafeotural 
office  ground  navaalad  tiiat  tha  ^raaanoa  of  an  eattanaiwe  burning  sxaa  iieaiiiii  to  b*  tha 
deciaiva  factor  in  tha  fodnation  of  fixa  tornadoes*   BowevsTt  not  all  of  the  largs  fixes 
reoordad  in  tha  hiatoKy  are  acconpanlad  by  fixa  toxnadoea.    Althoui^  furthex  investiga- 
tion is  xaquired  fox  the  final  solution  of  this  pxoblen*  it  is  highly  probable  that  there 
are  at  least  two  kinds  of  fire  tornadoes »  one  favorable  for  the  fbmation  of  a  fixe  and 
the  othex  not. 

BxoMining  isatexiala  of  past  large  fixes «  it  waa  found  that  in  most  caaea  strong  wind 
played  an  inportent  part  in  the  extensive  vxead  of  Oie  fixe.    Fox  axapfple,  in  the  instanoe 
of  the  great  fixe  of  Hakodate  City,  Hcdckaido,  which  destroyed  tha  najor  part  of  tha  city  on 
Mardk  21,  1934*  the  miwtimi  wind  qpaed  of  22  m/»  iMW  observed.   Mnong  tJie  Three  Craat 
Fires  of  Bdo  (old  Tokyo) ,  which  are  wsU  known  in  the  aodem  history  of  Japan,  at  least  two 

were  due  to  strong  wind.  A  coimon  feature  of  these  is  that  the  firi^  oriqinated  from  one 
source  and  spread  to  an  extensive  area  fanned  by  a  strong  wind;  tha  burned  area  extends 
in  a  strip  (Pig.  3) .    However,  fixes  due  to  earthquake  show  a  burn  as  an  area  with  quite  a 
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dif£«r«at  sbapa*    In  t)ti«  c»a»f  there  are  numerous  fire  sources  and  the  fire  breaks  out  all 
at  ones  over  an  extensive  area«    In  the  case  of  the  great  fire  of  HakaiyaiBaf  vhioh  was  not 
due  to  an  eaxthquaka,  th«  gbitpa  of  bumad  area  indloatea  the  sane  process.    Therefore #  it 
can  be  concluded  that  there  are  tMO  kinds  of  great  fires,  one  of  nhitdi  fire  breaks  out 
frost  one  source  and  fanned  by  strong  wind,  and  than  extends  along  a  atrip.    Ihe  other 
fire  starts  burning  all  at  once  from  nunerous  sources.    Generally  in  tiie  foxaatioa  of  fire 
tornadoes,  the  latter  Is  more  favorable. 

In  describing  the  experimental  study  on  fire  tornadoes,  we  have  stated  that  a  vortex 
coluiTJi  like  fire  tornado  was  formed  providing  an  appropriate  wind  speed  was  given.  Namely, 
in  our  experiment,  the  vortex  coluinn  did  not  form  in  a  weak  wind  or  a  strong  wind,  but  did 
form  if  a  wind  speed  around  1  m/s  was  provided.     As  a  master  of  fact,  both  of  the  fire 
tornadoes  of  OSCD  and  of  Wakayaiaa  prefecturai  office  ground  formed  in  relatively  weak  wind 
with  a  speed  of  4  -  5  m/s  for  the  former  and  2-3  m/s  for  the  latter.    Thus  the  wind  speeds 
of  such  range  seem  to  be  appropriate  for  the  formation  of  fire  tornadoes. 

Conclusions 

Fire  tornadoes  of  OSCD  and  Wakayama  prefecturai  office  ground,  which  caused  catastrophles 
were  studies  relative  to  their  cause  formation,  their  characteristic  features  and  their 
relation  to  the  damage  induced.     As  a  result,  it  was  found  that  the  main  cause  of  their 
formation  was  the  extensive  fire  that  was  initiated  from  numerous  sources,  the  peculiar 
shape  of  the    burning  area,  an  appropriate  wind  speed  and  the  unstable  stratification  of 
the  atmosphere.    Furthermore,  it  was  revealed  that  fire  tornadoes  are  accompanied  by  very 
strong  winds  reaching  speeds  of  70.4  -  92.5  m/s  for  OSCD  tornado  and  50.4  -  70.3  m/s  for 
Hakayana  prefecturai  office  ground. 

She  najor  characteristic  of  fire  tornadoes  is  the  updrift  and  Induced  fire-flakes,  thus 
spreading  tiie  burnt  area,    in  addition,  the  firs  tornado  fans  the  fire  with  violent  wind 
that  suzpasses  the  stoxn  in  '^nplxxui. 

In  the  r«;port  of  the  OSCD  fire  tornado,  the  following  statenMita  are  found.  "Fire 
oxeeped  about  over  the  ground.    People  fell  dotm  breathing  in  the  flane."    "He  survived 
the  fire  without  getting  burnt  but,  •  few  days  later,  died  ccnplainlng  of  a  pain  in  his 
breast*.    Thsre  are  a  few  other  statenients  with  the  sane  inplicatlon.    Acoording  to  "The 
rire"  conpiled  1^  Dr.:  K.  Vakata  (1969) ,  the  lung  nay  be.  buxnt  by  breathing  in  fire  idiich 
can  be  fatal  to  life.    At  first  difficult  fareatiilng  occurs  due  to  the  brsak  of  pulnonary 
capillaries,  then  emphysema  of  lungs.    Patients,  if  they  survive  this  stage,  they  are 
generally  doomed  to  death  suffering  from  bacterial  pneumonia. 

Tn  the  case  of  the  OSCD  firo  tornado,  an  exceedingly  strong  wind  in  the  open  area 
made  the  fales  creep  about  the  ground  and  consoquGntly  many  people  would  probably  have 
breathed  in  hot  air.     Recently,   it  the  tire  of  tail  buildings,  many  people  have  been 
reported  to  have  boon  sufiocatod  to  death  by  breathing  in  smoke.     In  the  case  of  fire 
tornadoes,  however,  the  process  leading  to  death  is  soiaewhat  different. 
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OISTANC€  FROM  THE  CENTER  OF  TORNADO 

Fig.  1: 

Maxinun  wind  speed  estimated  from 
the  damages  of  structures  (Toyohashi 
Tornado  December  7,  1969). 
(by  H.  Ishizaki) 
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Wind  dirMlion 

Fig.  2: 

Relative  position  of  vortex 
column  and  burning  areas  in 
the  case  when  the  most  remark- 
able vortex  column  was  gene- 
rated. 


Fig.  3: 

An  example  of  the  greatest  fire 
in  Tokugawa  Era;    the  fire  broke 
out  at  one  point  and  spread  lee- 
ward in  a  long  and  narrow  strip 
fanned  by  high  wind. 
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Plate  1  (a): 

A  tree  torn  off  by  the 
fire-tomado.    This  was 
taken  at  the  former  site  of 
the  Army  Clothing  Depot  im- 
mediately after  the  Great 
Kanto  Earthquake. 


Plate  1  (b): 

A  tree  torn  off  by  the 
meteorological  tornado. 
This  was  taken  at  the 
suburbs  of  Omiya  City,  near 
Tokyo  on  7th  July,  1971. 


Plate  2:       Gigantic  cumulonimbus  in  the  sky  over  Tokyo  after  the  Great 
Kanto  Earthquake  (taken  by  M.  Harada) .    The  former  site  of 
the  Army  Clothing  Depot  seems  to  have  been  covered  by  such 
a  cumulonimbus  at  the  time  of  fire-tomado  occurrence. 
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Plate  3  (a):    A  fire-tornado  which  formed 


accidentally  in  the  lee  of 
a  large  scale  fire  plume 
(by  J.  Oessens,  1961). 


Plate  3  (b): 

Vortex  column  like  a  fire-tornado 
in  laboratory  (by  S,  Soma,  1973). 
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Plate  4:       Fire-tornado  which  formed  on  the  leeside 
of  a  burning  tanker  (56,000  t)  in  Muroran 
Port  in  Hokkaido,  1965.    (Provided  by 
Hokkaido  Newspaper) 


Plate  5:  Apparatus  for  the  experimental  study  of 
fire-tornado.  Vortex  colunn  like  fire- 
tornado  is  made  on  the  copper  disk. 


1-40 


Digitized  by  Google 


Plate  6: 

Vortex  column  like  fire-tornado 
obtained  by  the  burning  area 
model.    Vortex  column  can  be 
seen  on  upper  left.  (Picture 
taken  from  the  above.) 
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ABSTRACT 

Hm  prriblen  of  wind  effects,  produced  by  the  constraction  of  tall  buildings,  is  anal- 
/zed.     A  research  project  designed  to  obtain  mforitiation  about  this  problem  and  to  study 
the  counterpart  for  the  prevention  of  high  winds  <:krQund  tall  buildiogSf  has  been  initiated. 
Soaa  prelininary  observations  are  described  herein. 


Kfty  VwOms    luUdliig;  Vtnd;  Wind  Bffects;  Hind  Loads;  Wind  Observation;  Hind  Speed. 
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attrodiactlott 

During  the  past  10  years  in  Japan,  the  nunfber  of  tall  buildings  which  have  been  con- 
structed has  increased  dranatically.   Hany  of  these  buildings  have  been  constructed  in  the 

central  part  of  large  cities «  and  sometimes  produce  high  wind  apecds  near  the  ground 

sxirface  in  pedestrian  areas.    Previously  tall  buildings  were  constructed  in  low  building 

areas.     After  construction,  alterations  have  occurred  tc-tween  the  owner  of  tho  tall  building 
and  nearby  habitants  about  the  change  of  wLnd  environment.     It  is  difficult,  however,  to 
find  a  solution  to  the  problem,  because  quantitative  data  concerr.iricj  the  modification  of 
air  flow  and  the  frequency  of  occurrence  of  high  winds  is  too  scarce. 

The  Ministry  of  Construction,  therefore,   initiated  a  research  proiect  to  obtain 
information  eQ>out  this  phenamenon  and  to  obtain  a  guidance  on  this  wind  problem. 

In  the  followings,  after  discussion  of  the  problem  concerning  this  phenomenoni  an 
outline  of  this  research  and  some  preliaiinary  results  of  wind  ^servations  eure  described. 

Wind  Smrroundinq  Tall  Buildings 

The  problems  due  to  the  wind  ca«ised  by  the  modification  of  airflow  surrounding  tall 
buildings  cati  be  divided  into  two  catGLjor  ic-f; :     1)  the  change  of  the  environment,  and  2)  the 
increase  in  damage  to  the  structures  surroundimj  the  tall  buildings. 

The  former  is  concerned  with  two  kinds  of  phenomena;  a)  ar.  increase  of  the  frequency 
of  occurrence  of  high  winds  and  b)  eui  increase  of  frequency  of  occurrence  of  calm  condi- 
tions.   TtM  "high  wind"  condition  is  a  wind  which  has  a  speed  whith  beccaies  annoying  to 
people,  which  i«  generally  5  m/s  or  greater.    These  "high  winds",  cause  difficulty  in 
tralking,  increase  heating  consunption  in  winter,  create  difficulties  in  opening  of  doors, 
cause  disturbance  in  roans  when  windows  are  open,  and  iaipede  plant  growth,    the  occurence 
of  the  high  winds  increase  the  frequency  of  calm  cenditions,  and  thus,  the  oosplaints  of 
sultriness  during  the  suimr. 

The  change  in  the  envixonnent  is  the  nost  serious  problem,  because  this  is  related  to 
eala  wind  whidi  occurs  very  frequently,    these  winds  are  affected  by  the  air's  thermal 
stratification  {vertical  tei^rature  gradient)  in  addition  to  the  large-scale  weather  condi- 
tion, and  thus,  makes  it  very  difficult  to  estimate  the  change  in  the  environment. 

The  seoond  wind  problsm,  the  increase  in  damage  to  structures,  is  related  to  higher 
winds  sudi  as  those  caused  by  typhoons,    in  general,  buildings  exposed  to  such  high  winds 
will  be  subjected  to  some  damage  risk.    However,  buildings  standing  near  tall  buildings  may 
be  exposed  to  the  additional  increase  of  wind  speed  caused  by  the  modification  of  air  flow, 
thus  increasing  tlic  risk  of  damaae. 

In  order  to  solve  these  problems  the  following  information  needs  to  be  collected; 

Change  o£  Environment 

(1)  Distribution  of  wind  speed  around  tall  buildings  in  relation  to  the  air's  thermal 

stratification. 

(2)  Frequency  of  occurrence  of  each  pattern  of  wind  speed  distribution. 

(3)  Criteria  of  allowable  ^lange  of  environment  stipulating  the  correlation  of  wind 
speed  and  frequency  of  ocourxenoe. 
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Increase  of  Damage 

(1)  DiBtrlbutioik  of  wind  spMd  aroaad  t«U  bulldtngs 

(2)  Oistributlon  of  tuztralene* 


Deacription  of  the  Research  Project 

"ihc  Building  Research  Institute  has  instituted  a  research  project  relative  to  this 
problen  since  1975.     Tha  purpose  of  this  project  is  to  provide  infonaations  stated  above 
and  solutions  to  eliminate  the  high  wind  speeds.    The  following  studlas  are  part  ot  this 
project; 


High  winds  azound  tall  buildings  hmv9  btma  ObMzwd  at  sewzal  tall  buildings  sites 
in  Japan.   ItM  periods  of  these  observations^  hOMiverf  were  for  only  a  few  lioars«  and  thm 
the  data  obtained  are  not  reliable  in  order  to  understand  the  quantitatiw  natnw  of  winds 
around  these  tall  buildings.    Therefore*  oontinual  wind  observations  around  and  in  Idie 
vicinity  of  a  few  tall  buildings  will  be  oondueted  during  the  next  several  years. 

(2)  Field  investigation  of  theinfluenoe  of  the  wind  in  the  environment 

m  the  vicinity  and  around  many  tall  buildings*  the  intensity  and  spatial  distribution 
of  the  change  of  wind  will  be  studied.    The  relatian  between  the  diaension  or  shape  of  tall 
buildings  and  the  diangeof  wind  on  the  environment  will  be  analysed. 

(3)  Study   of  wind  through  wind  tunnel  test 

If  a  reliable  similarity  law  is  available*  wind  tunnel  tests  are  quite  effective  in 
evaluating  the  wind  distribution.    However,  such  a  similarity  law  is  not  known  at  present 
and  therefore  the  possibility  of  such  a  law  will  be  studied  in  this  project  by  coaparing 
ad  hoc  testing  methods  with  full-scale  measurements. 

(4)  Development  oi  methods  to  reduce  high  winds 


Windbreaks  and  shelterbelts  have  been  utilized  in  agriculture  areas  in  order  to  reduce 
surface  wind  speed  and  to  obtian  the  resulting  roicro-climatic  change  in  plant  growth.  In 
this  project  such  applications  will  be  examined  relative  to  winds  on  buildxngs. 

Preliminary  Results 

The  Building  Research  Institute  has  conducted  wind  observations  in  1974  at  two  14-story 

building  sites. 

(1)  Wind  obsorvations  at  Tokorozawa  City 

Tokorozawa  Now  Town  is  a  housing  area  developed  in  the  outskirt  of  Tckorozawa  City. 
Three  i4-3tory  apart-uents  are  arranged  in  a  line  runninc;  f'-om  west  to  east  in  the  center  of 
this  New  Town.    Surrounding  the  three  tall  buildings  is  a  iive  story  apartment  and  one  and 
two  story  houses.    Wind  observations  were  made  at  3  levels  of  two  observation  points  as 
ehown  in  Fig.  1.    Between  these  two  points  a  wind-shelter  fence  of  4  n  in  height  and  40  m 
in  length  %fere  arranged  from  south  to  north. 

Wind  data  collected  at  the  TdcorosaMa  Fire  Station*  which  is  located  3  km  from  the 
New  Tcwn*  were  used  as  the  referwce  location.    The  height  of  tiie  anevmeter  at  the 
reference  point,  is  9  n  above  the  ground. 


(1)  Wind  observation  around  tall  buildings 
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Fig.  2  shows  the  fMqnency  of  occttrr«ne«  of  wind  spesds  at  points  P^^  to  Pg  in  ths  Naw 
Tatm  ctjmpaxuA  with  that  at  tha  rafarancs  point.    According  to  this  figora,  at  P^^^  V^,  P^ 
and  ?g  the  frequency  of  occurrence  of  the  calm  wind  is  10%  below  2  n/s.   Bawever^  the 
frequency  of  occunrace  of  the  higher  winds  is  several  percents  higher  at  every  wind  ^eed. 

Iha  frequency  of  occurrence  at  points  and  is  quite  different  from  other  points  and  is 
similar  to  that  at  the  Fire  Station.    This  is  probably  due  to  the  shelter  effect  of  the 

fence . 

Fig.   3  shows  the  relationahir  between  the  ratio  of  the  wind  speeds  at  points  P,  to  P- 
to  the  reference  wind  speeds,  when  the  reference  wir.d  direction  in  N,  NNW  and  NW.  The 
values  of  the  wind  speed  ratio  R  is  greatly  scattered  at  the  lower  reference  wind  speeds, 
but  the  scatter  becomtis  less  with  increasing  reference  wind  speeds.     The  maximum  value  of  R 
is  greater  tiian  3  and  is  observed  at  reference  wind  speed  o£  2  m/s.     At  the  higher  refer- 
ence wind  speeds  the  value  of  R  approach  unity. 
<2)  Wind  observation  az  KOto-ku«  Tolqro 

She  other  location  Where  preliminary  wind  observations  were  ecodueted  was  at  XDto-ktt« 
VOkyo.    At  this  location  there  are  eight-fourteen  story  apartment  buildings  idiich  were 
eonstruetsd  in  1975  as  shown  in  Pig.  4.    Wind  observations  were  made  in  1974*  whm  the 
apartments  Wo.  4«  5  and  6  were  under  construction  and  they  were  only  two  storied  buildings 
at  the  end  of  the  year.    Vhe  average  wind  speeds  were  continually  observed  at  6  points  as 
shown  in  Pig.  4  and  at  a  height  of  5  m  above  the  ground.   The  wind  data  collected  at  a 
wind  tower  (54n  high  above  the  ground)  of  the  Jepan  Meteorological  Agenqr*  whi^  is  loca- 
ted 7  km  from  tlie  observation  eite  and  was  used  as  a  reference. 

Fig.  5  shown  the  relation^iip  between  the  reference  wind  speed  and  the  wind  ^peed 
ratio  R  (wind  speeds  at  points  P^^  to  P^  to  reference  wind  ^eed) ,  When  the  rsf srence  wind 
direction  was  IM.    As  shown  in  this  figure,  there  is  a  tendency  for  the  It  value  to  scatter 
and  is  similar  to  that  in  Tokorosawa  areas  with  the  mean  value  of  R  differing  greatly  from 
point  to  point. 
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Fig,  4  LAYOUT  OF  WIND  OBSERWION  POINTS 
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ABSvmCT 

nw  Hatioiuil  Scluias  Foundatiaii  is  an  Agency  of  ths  F«d«ral  Govaxnasnt  establishad  in 
1950  to  advanoa  sciantififl  and  teahnical  pxograss  in  the  tinited  States.    The  Foundation 
fulfills  tills  xeaponsibili^  prinarily  by  cprasoring  scientific  reseaxdh*  enoouraging  and 
svKPorting  InvcDveneats  in  science  eduoationf  and  fostering  seientifie  infacmtion  exchange* 
N8F  does  not  itself  conduct  zeseareh  or  carry  out  education  projects. 

<^eratiikg  under  this  charter  the  Foundation  supports  a  stihstantial  axount  of  research 
in  Hind  and  Seisnie  effects.    The  Division  of  Bngineering  has  for  the  past  years  had  an 
organised  area  activity  in  Wind  Bngineering  Bssearch.   The  primary  enphaeis  of  this  researdi 
has  been  toward  developing  a  better  understanding  of  the  structure  and  flow  of  the  eartliPs 
boundary  layer  to  develop  new  knowledge  and  tecdmiquea  for  predicting  and  coping  witii  the 
interaction  between  the  boundary  laqrar  wind  and  SMn-nade  or  natural  objects  and  to  develop 
■etfaods  to  assaes  or  predict  environaiental  effects  related  to  wind  flow.   Alnoet  all  of  the 
current  researdi  programs  being  supported  are  at  acadewic  inatitutions.   a  sianazy  of  these 
flurrent  researOb  projects  is  given  herein. 


Kay  Itords:   Education;  Hesearch;  Research  Prograns;  Wind  Englnearlngj  Wind  Studies, 
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Introduction 

For  purpoBes  of  elasBiflcatioa,  Mnd  Bngineerin?  research  is  divided  into  16  c*t«goirl«fc 
These  oategoKies  are  shown  in  Fig.  1,    Prlmry  engptaasis  during  the  early  years  of  the  pro- 
gran  has  been  In  categories  1  thru  10  and  In  category  16. 

Of  special  interest  during  the  last  year  has  been  the  beginning  of  operations  of  the 
Mnd  Engineering  Research  Ooiincil  which  was  funded  during  FY  1974.    Objectives  and  organi- 
sation of  tlte  council  are  shown  in  Figures  2,  3,  4»  5  and  6.    The  council  has  already  been 
active  in  praaoting  intercAtange  between  wind  engineering  researchers  and  anticipates  organi- 
sing a  series  of  workshops  in  the  future  to  asssss  ijnportant  problems  and  opportunities  for 
wind  engineering  reseeurch. 

Also  made  available  during  the  last  year  is  the  first  issue  of  the  Wind  Bngineering 
Digest.    The  Wind  Engineering  Digest  is  a  survey  of  current  projects  in  various  a4pactS  of 
wind  engineering  research.    The  digest  is  intended  to  alert  investigators  to  research  in 
progress.     The  original  intention  was  to  include  in  the  first  volume  only  research  projects 
in  the.  U.S.A.     However,  because  of  international  interest,   vt  was  decided  to  include  inter- 
national projects  for  which  questionnaires  were  receive<^.    Ttie  cover  and  index  of  the  werd 
Digest  arc  shown  in  Fiq's.   7  and  8. 

Activities  of  the  Committee  on  Katurai  Disasters  of  the  National  Academy  of  Engineer inij 
have  continued  to  be  supported.    The  wind  related  activities  are  twofold.    One       to  sand 
inveetlgation  teans  to  sites  of  natural  disaatere  (such  as  tornadoes  or  cyclones)  to  collaot 
data  on  damage  and  effects  which  aay  latter  he  usad  to  reconstruct  damage  neehanisns,  vel- 
ocities, nlssile  densities «  and  so  forth.    Much  of  this  infocnation  is  of  a  perishAle 
nature  and  nay  be  obliterated  by  rescue  and  olaan-up  cpcrations.    Olkis  infomation  is  then 
nwde  available  to  researchers  who  night  wish  to  do  in-depth  studies  on  the  effects  of  such 
stonBS.    Several  teaas  were  dispatched  during  the  last  year  to  document  danage  due  to 
tomadoea.    The  aecond  wind  related  activity  is  to  prepare  a  oonprehenaive  r^ort  on  tflnd 
Bngineering  researdi.    Ihis  report  would  bs  siallar  to  the  1969  report  on  Earthquake 
Engineering  Research  prepared  under  tbm  auspices  of  the  sane  coonittee  which  at  that  tine 
was  cperating  under  the  title  "Oonnittee  on  Barthqpiake  Bngineering  Research*"   The  title 
page  is  shown  in  Fig.  9.   (not  submitted  for  publication). 

During  FY  1975  a  total  of  19  resejurch  projects  were  funded.     This  is  in  addition  to 
projects  funded  in  previous  years,  but  still  in  progress  due  to  multiple  year  funding 
periods.     A  list  of  ail  projects  currently  in  progress  would  be  rather  voluminous,  therefore 
a  complete  listing  of  such  projects  in  progress,  describinq  FY  1975  research  grants,  may  be 
obtained  from  MSP.    Total  dollar  support  for  Wind  Engineering  research  during  the  last  fiv© 
years  is  shown  in  Fig.  10. 
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WIND  BNGIHEBRIHG 


1)  Structure  of  Wind 

a)  Boundary- layor-vertleal  (50  to  100  neter  region}  and  liorisontal  profiles,  turbulenoe 
Intansitiee 

b)  BaLrwee  and  dnratinui 

c)  Bffeeta  of  Nolsture  oontent  •  rain*  snow,  hall 

2)  W.  r::i-W:-iVH  ;;ffeCtS 

a)  WavG  generation 

b)  Open  sea  structures  -  floating  platforms,  ships 

c)  Off-shore  structures 

d)  Coastal  structures 

e)  Harbors /  estuaries,  inlets 

3)  Effects  on  Urban  Areas 

a)  Characteristics  of  Wind  build-up  areas 

b)  Influence  of  tall  structures 

c)  Transport  and  entraiiunent  of  pollutants 

d)  V/SSOXm  airports  and  heliparts 

e)  Kicro-thttiial  phenonsna 

4)  Wind  Loading  on  Strawitres 

a)  Drag,  vortex  shedding  and  separation 

b)  Dynamic  response  and  stochastic  analysis 

c)  Numerical  algorithms  and  eoppater  software 

d)  Loads  on  cladding  and  glass 

e)  Static  vs.  statistical  approach 

f )  PersMsbility  effects 

5}     Severe  Storms 

a)  Ihundf^  r  t  ;  TIS 

b)  Burricanes  -  wind  velocities,  wind-water  interactions 
e)  Voamadoes  -  wind  and  pressure  distributloas 

d)  Local  phenomora 

e)  Prediction  capabilities 

6)  Design  for  Hurricanss  and  Domadoes 

a)  Critical  structures  -  nuclear  reactor,  etc. 

b)  standard  structures  -  centrolled'sequence  failure  to  protect  life 

c)  Missile  damage 

d>  BconoBlc  considerations 

7)  Full-scale  Testing 

a)  Instruatsntation  developannt 

b)  Urban  and  rural  profiles  for  engineering  applications 

o)  Structure  testing  -  fixed  and  portable  structures,  bridges,  cooling  towers,  tali 
stacks,  tall  buildings 

8)  Model  Testing 

a)  Special  wind  tunnel  facilities 

b)  Model  scaling  and  dynamic  similitude 

e)  Structure  testing  -  fixed  and  portable  structures,  bridges,  cooling  towers  and  tall 

stacks 

d)  Effects  of  clustering  and  wake  interaction 
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9)    Environmental  Factors 

a)  Effects  of  structure  on  surroundings  -  entrappoient  of  pollutaots,  stability  of 
vehicles  and  pedestrians 

b)  Eff sots  on  •nvixcmiBental  ootitzol  tystmrn 

10)    Psycho-Physical  Factors 

«}  Perception  levels  for  notion  in  various  structures 

b)  Motion  tolnraiioa 

c)  Paydielogical  naipanM  to  drift 


11)  laqal  ractora 

a)  Pollution  problems 

b)  Buffeting  of  dotmstreain  structures,  etc. 

c)  Missile  danage  eai»«d  by  otlMir  BtroetuneB 

d)  Structural  damage 

e)  Occupemcy  discomfort 

12)  Special  Problems 

a)  Moisutre  penetration  of  buildings 

b)  Wind  zoning  for  cities 

e)  Building  ooda  requirananta 

13)  Wind  Considerations  In  Orban  Planning 

14)  Building  Oodaa  and  Ragulatimia 

15)  Bool-E(»imi«  sffacta 

16)  latanutional  coo!paratloa 
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on  Wind  Engineering  problems 


II-5 


rig.  3 


1M  MM  EnekiMrlng  Wmiitli  CeuneN  mm 

fomed  to  provide  a  mechsniam  for  tJie  tree  «x- 
ctiange  of  information  on  rftSMrch  plans,  prioritiM. 
and  pro7«ns;  and  to  assist  \n  tha  eoafrtlMtlan  af 

I  in  1 


The  primary  objectivot  tt  ttlS  MTM  GfVlnMrlNg 

Research  Counci'  nrr-- 

•  To  stimulats  the  initiation  «f«  and  pnwida  tha 
ino. 

•  Implemant  tha  dissamlnatian  artd  exchange  of 
information  batiwaan  raaaarch  vvorltara  in  tha  vari> 

research, 

•  Establish  a  National  Wind  Enoinaarina  Infor- 
nwMon  Omw  eomtatlna  of  •  lAmy  of  pMMia*> 
tions  and  rasaarch  rspoila. 

eftovlda  «dtfiM  w  tmwmmk  aanslM  and 


Fig.  i» 

AcnvrriES 

The  Cmnetl  oiwmlza*  wrMIe  national  nmm- 

or  rr^.o.jir/,  r ,v--st i got s  n  Wiiid  Enflineering. 
Th«i8«  meetings  corsist  of  reports  on  ciarant  r*- 
•Mnhand  4ImiimI«m  In  or  by  wwking  Mb«««* 

M  directions  (or  futur*;  >osear"l  .  The  ixi'jpri  -Ki?. 
*  Utaee  rational  mewings  are  pubtished  and  sent 
to  tKoee  individuals  and  WgMlMleM  MttMMRC 
nwillno  liat.  In  additlat,  •  quarterly  navirsletter  re- 
POitiilff  Ml  aetlvlttM  and  (orthcouung  events  in 
tmidEnolnMrlnv  la  mbIM  io  ali ) 


Ttia  aoiltrltlaa  of  mBIC  an 


bra 


MEMSHIP 

Because  of  tha  natura  oT  liia  of^iaaiian  — , 

maBAara»(ip  classification  for  partlci 
pama  in  NERC  activities.  The  "membership' 
the  Council  cons,  .t,  of  all  persons  and  organize. 

°"  «h«  WEHC  maillns  "at.  hairing  an  aolva 
iMifaat  ia  ana  «#  ifw  arau  of  wind  Engineering. 
Intereatad  pwii'.-'.  -vty  be  includ.^l  on  Jif^HC 
mailing  list  by  suOmitting  their  name,  organiiatioo. 


of 


Or.  Richard  a   =  imielee,  Executive  'ni  laMiy 
Wind  (.rtgiiii«p«ring  Resesrcti  Counell 
Dapartmem  of  Civil  Ei«inMrii« 
Noniiwwtam  UnlwaMliy 
lllktatoaQMn 


Phone:  (312)402^112 


9 


ZI-6 


Digitized  by  Google 


Fig.  5 


WIND  ENGlliEBtINQ 


Reeognizina  that  tfw 
abia  loM  of  Itto,  tiM 

I  on 


wMh  tiM  tollmrlnB  Mpactt 


of  wind  on  ttw  woriw  o(  man  remit  in  OKtonsivo  < 
•ffMC««  <nd  to  dlnambiBlt  Informstlfliu  WfERC  is  etpacially  ocmomtd 

In  irW  WN1Q  ■nQIrlNr  lilQ  fmpiVrn* 


BOUNOARV-LAVEn  WINDS 

OistriUition  of  mean  air  speeds 
DMribu^  of  tmn  tMiporatim 

Turbulence  characierlotie* 
Orographic  effects 
Urban  effects 

Jo^nt  prababiltty  of  air  vaiocitVr 
Mmparstur*  and  hiankHty 


EFFECTS  ON  Uf«AN  AREAS 
Transport,  entralnment  and 

6nHa|)iMiii  of  pollutant 
Stability  of  vehicles  and  padaotriana 
Location  of  V/STOL  airporta  and  hall|nita 

Location  of  industrial  artd  | 
Wind  coning  (or  citlaa 


SEVERE  STORMS 


Hurricanes 
Tornadoes 

Extra  II  epical  eyelonaa 

Downstope  winds 
Post-disaster  inspections 

twlndawttatica 


IVLL4CALE  MMSIMBHEMn 

Instrumemation  dovelopnieot 
Meteorological  variables 
Pollutant  oonearMntiona 
Wind  preaaurea  on  building  aurflMad 
Structural  rasponaaa 
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Wind  power  generation 
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1.  Structure  of  Hind 

2.  Wind-Wave  Effects 

3.  Effects  on  Urban  Areas 

4.  Wind  Loading  on  Structures 

5.  Savmre  Stonw 
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USTRACT 

In  1972,  a  nwdMr  of  prefabricated  duellings  in  the  Nagoya  district*  Japan*  suffered 
danage  fron  high  winds  caused  by  typhoon  Ho.  7220.   Much  of  the  donage  to  the  dmlliiigs 
caused  by  this  typhoon  was  the  removal  of  the  flat  roofs  of  the  buildings.    It  is  knoMn 
that  the  comers  of  flat  roofs*  vhen  suibjeoted  to  high  winds  have  high  suotlons  with  peri- 
odic fluetiiating  force  ccqponents.    The  cause  of  this  type  of  danage  has  created  a  need 
for  studying  the  dynamic  effect  of  wind  pressure  on  roof  comers.    Sudi  a  study  has  been 
conducted  since  1973  fay  the  Building  Reeearch  institute.    Vhe  results  of  the  1974  field 
oibservations,  by  the  6RI*  will  be  given  herein. 


Key  Horde:    Buildings;  Dynamic  Effects;  High  Winds}  Roofs;  Typhoon;  Wind  Pressure* 
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Full^Sole  tteMWiy—ttt  of  Wind  trmwnxm 

h  tMO-atory  dMlling,  shoMii  In  Fig.  1,  wan  used  to  MMun  wind  prossures  on  Koof 
oomors.   Hm  locations  of  tho  prossuxo  gwasusoMnts  iwzo  aczaagod  on  th«  zoof  of  ttie  2nd 
Btozy  as  flhOMi  In  Pig.  2. 

Trpieal  power  ^poctxa  of  tha  wind  peasanra  fluetuations,  at  aavaraX.  praaauxe  naaauza- 
ment  looationsf  ara  Aeim  In  figs.  3  and  4. 

Fig.  3  ahowa  tha  powar  apaotra  at  tiia  north  waat  coznar  of  tha  roof  during  a  11  q/a 
wind  from  HB-S  dlraotion.   At  tha  NB-l  loeationf  tiia  aoazgy  powar  dlatrlbutloa  ocauva  in  all 
ffeaqoHioy  rangaa  and*  tiiaraf ora,  ttia  praaaurtt  fluotuation  la  oonaidarad  to  be  randon.  HOwavi^ 
at  locatlona  IIB-'2  and  llB-3*  two  pradoninant  fraqoaney  coigonanta  axa  obaarvad  at  Talaas  of 


0.4  and  0.72  H_.    At  looation  IIB-2t  tha  anargy  paaka  ara  obaarvad  at  1.9,  2.2  and  2.8  H., 


and  at  location  llB-4  only  a  lina  power  ia  obaarvad  at  2.6S  B^. 
nia  radncad  fxag^ianeiaa  ara  given  by* 

K  V 

whara  n  **  frequanoyf  D  •  tiharactariatio  length*  and  V  *  wind  velocity. 

Uaing  tha  pradoaiinant  fregiuanoiaa  of  0.4  and  0.72      at  locations  MB'-2  and  3,  tha 
radncad  fraquancles  are  0.17  and  0.13*  raapectively*  lAara  tha  charactariatic  langtiia  D  are 
taken  as  2h  (h  =  height  of  the  wind  story  roof  fn»  the  1st  roof)  and  21  (1  «  projected 
length  of  tha  aave),  respectively.    Ihese  values  of  reduced  frequenclea  are  approxiaately 
the  same  as  those  obtained  on  square  cylinders  during  wind  tvmnel  tests,  and  it  is 
considered  that  these  predoolnant  £zeq>iency  oonponenta  are  cauaed      the  vortex  formation 
near  the  roof  corner. 

The  physical  meaning  of  the  predominant  frequency  of  2.65  H    at  location  NE-4  has  not 

a 

been  determined  and  will  require  future  studies. 

At  locating  MB-S  and  6,  tiie  energy  peaks «  as  abown  la  Fig.  4,  are  also  observed  to 
have  tiia  aana  frequenoiaa  aa  thoaa  at  locatlona  18-2  and  .3  aa  shown  in  rig.-  3*  Oonaidar* 
for  axaM(ple*  point  MB-l  shown  in  Fig.  4#  which  haa  a  peak  fregoaney  of  1.6  B..  sqppoae 


that  D  ia  2  tiawa  tha  projaeted  length  of  the  curve*  tiie  rednced  fxaqeancy  beoooea  O.IB. 
Iha  powar  apeetrun  for  point  IIB>7  haa  the  aana  feature  aa  that  for  point  llB-4  aa  ahown  in 
Fig.  3* 

Modal  Test  on  the  Response  of  Roof  Comers 

A  anall  B»dal  of  a  roof  oozner  wea  aet  on  a  building  60  a  high  above  Vbm  ground  and 
the  vertioal  diaplacavianta  of  the  roof  comer  waa  obaarved  for  O*  to  30*  roof  alopea*  aa 
ahown  in  Fig.  5.   lha  nodal  waa  set  at  a  position  whara  the  wind  direction  waa  constant  and 
the  vertioal  wind  ooaponent  waa  very  anall. 

Tha  reaolta  fron  theae  cbaarvationa  ara  as  followat 

a)  Vha  naan  diaplaewwnt  changed  with  roof  alopas    that  ia  the  direction  of  tha  naan 
reaponae  waa  downward  for  0*  to  10*  and  upward  foe  15*  to  30*  aa  abown  in  Fig.  6. 
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b)  The  soot  iMan  square  valuea  of  the  dlsplaceaent  <3^f  waa  Independent  of  the  roof 
slope.   Assuming  that  the  wuciwHB  response  y      and  the  nean  reaponse  Y       is  < 


the  constant  k  equals  3  to  4«  In  the  range  of  roof  slope  0°  to  30**  as  shown  in 

Fig.  7. 

c)  Fig.  8a  to  e  shows  the  power  spectra  of  the  displacement  for  the  roof  slope  0" 
to  10°.    In  these  figures  the  energy  peaks  are  observed  at  the  fundamental  fre* 
quency  of  this  model  roof*    However,  when  the  roof  slope  is  in  the  range  of  IS* 
to  30* «  these  peaks  are  not  observed*  aa  ahoun  in  Pig.  8f  to  h. 


The  following  phenomena  has  been  observed  from  the  measurement  of  wind  pressure  and  the 
response  of  the  roof  corners. 

1)  The  predominant  frequency  components  were  observed  during  the  wind  pressure  fluc- 
tuation at  the  roof  corners. 

2)  The  values  of  thm  xmdsj/emSL  frequency  of  these  predoninant  oonponents  were  nearly 
equal  to  those  «eo«eded  on  square  ^linder^  during  wind  tvuanel  tests  and  iflMse 
coaponents  are  considezed  to  be  caused  by  the  vortex  foznation. 

3}  the  response  of  roof  oocners  in  the  wind*  froa  the  diagonal  direotion»  Ohanges 
its  feature  diseontinnonsly  for  a  slope  angle  of  10*  to  IS*. 
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ABSTRACT 


The  reaiatance  againat  wind  of  a  long-span  suspension  bridges  is  one  of  the  important 
daeign  problaaa  because  this  type  of  bridge  is  flexible  cmd  sensitive  to  wind  action.  Hie 
Kanmon  Bridge,  opened  to  the  public  in  November  1971,  is  a  typical  long-span  suspension 
bridge  in  Japan.     The  design  of  this  bridge  against  wind  i*,^tiated  during  the  early  design 
phases  and  its  stability  against  wind  waa  confirmed  througn  wind  tunnel  experiments  on 
section  models.     However,  conf ir:nation  between  theory  and  model  tests  can  only  be  coaiirm«d 
by  considering  field  studies  and  the  resulting  data.     .Such  studies  can  reconfirm  the 
bridge  safety  when  the  bridge  behavior  is  examined  under  strong  wind  conditions.  Consid- 
ering theM  theughtB,  «  long-texm  al>a«rve«l«i  plan  •ystaia  was  ••tabllshed  an  the  Kanmon 
Bridge,  with  actual  obaervationa  initiated  in  April  1974. 

In  this  paper#  the  research  plan  for  tlw  long-term  cbservrntion  system  is  reviewed* 
Then,  the  ^aracteristlcs  of  the  approaching  wind  and  the  response  of  the  suspended  stru9> 
ture  are  presented.    K  coaparlscn  is  then  wade  hetween  observed  and  titeoretieal  wind  gust 
responses.    The  results  show  tliat  the  observed  response  is  less  than  the  theoretical  re- 
sponse and  thus  show*  the  need  fox  aecuanlation  ef  data  which  can  iaprove  aoalytioal 
tedmiques. 

Key  Words:    Bridges;  Displacements;  field  Tescs;  Winds;  Wind  Mi^asurements;  Wind  Speed. 
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tntrodaction 

Wind  effects  on  e  struotuire  are  genexelly  classified  into  two  categories*  static  and 
dynamic  effects.    Generally  in  suspension  bridge  design  only  the  aean  drag  coaponent  is  oon- 
sidered  as  design  wind  load.     The  design  wind  load  is  generally  Of  minor  iiniportanoe  for 
short  span  bridges,  but  is  importamt  in  long  span  bridges*  because  the  cross-sectional  area 

of  the  principal  members  in  long-span  bridges  are  governed  by  wind  load. 

In  addition,  there  is  a  possibility  that  suspension  bridces  or  cable-stayed  girder 
bridges  will  demonstrate  aerodynamic  instability  .suct;  as  fl.jtter  cjr  vortt^x-exci ted  oscilla- 
tions as  a  result  of  the  dyncunic  effect  of  the  wind.     Thereiore,  design  information  and 
girders  are  re-juired  to  account  for  this  effect  in  the  design  procedure. 

Then,  during  the  preliminary  design  of  the  Kanmon  Bridge,  a  comprehensive  survey  was 
conducted.     The  basic  wxnd  speed  (expected  wind  speed  averagtid  over  ten  ininutes  at  a  height 
of  ten  meters  above  sea  level)  for  determining  the  design  wind  speed  was  selected  based  on 
both  the  expected  return  wind  speed  at  the  construction  site  and  the  wind  distribution 
estinated  from  the  wind  tunnel  experinent  on  a  topographical  notel.   The  cross  sectioMl 
configuration  of  the  suspended  structure  was  selected  from  section  model  tests  under  laminar 
flow,  which  showed  sufficient  etability  against  the  wind. 

In  addition  to  tiie  Xamnon  Bridge*  several  other  long  span  bridges  su^  as  the  liakato 
Bridge  and  the  Onomiehi  Bridge  have  been  conetnicted  in  Japan.    The  construction  of  these 
bridges  were  made  possible  by  the  results  obtained  during  the  Honshu-Shikoku  Bridge  Project 
study. 

Ihe  first  wind  resistant  design  criteria*  for  the  Proposed  Ronshu-Shikolctt  Bri^e  was 
developed  in  1967.    the  revised  slope  of  this  design  criteria  was  initiated  in  1972  in 
oonjunctiom  with  a  field  stu^.    An  analytical  method  based  on  statistical  concepts  for 
buffeting  the  problem  of  suspension  bridges  was  subsequently  adopted. 

The  design  specifications  for  tiie  Proposed  Bonshu-Shikoku  Bridge  (1975)  provides  for 
a  design  wind  speed  (V^^}  and  a  design  wind  load  {V^)  whidt  are  oonputed  by  the  following 
equations t 

for  horisontal  line-like  structure t  -  V]*V2*Vio 

for  vertical  line-like  structure:       V^^   =  Vi*v$»Vio 

for  horizontal  line-like  structure:  =    l/2pV,*C  'An^Vu 

D  d  D 

for  vertical  iine-iike  strjcture:        P_  =  l/2p\iL*C^*An*V5 

D  d  D  ' 


where , 

Vj^^:  basic  wind  speed  (n/soc) 

Vi  :  wind  speed  modification  factor 

V2   :  wind  speed  modif icatior.  factor 

Vj  t  wind  speed  modification  factor 

9  —4 

p    I  air  density  (Kg*8ec^*m  ) 


for  the  elevation  of  the  structure 
fci  hyrmoutal  Iwiigth  uf  the  structure 
for  vertical  length  of  the  structure 
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c^t  dra9  oo«tfflel«nt 

int  oqpoeed  atrea  for  unit  length  of  the  structure  (m^/m) 

V4»  wind  load  modification  factor  for  horizontal  length  of  the  structure 

Vst  wind  load  modification  factor  for  wrtical  length  of  tbe  etructure. 

The  fundamental  concept  used  in  this  design  criteria  is  to  determine  the  wind  speed 
modification  factors  and  the  wind  load  modification  factors  such  that  the  magnitude  of  the 
lateral  bending  avcanent  of  the  stiffening  trusses  caused  by  the  natural  wind  is  equal  to 
that  induced  by  a  uniform  wind.     Thus  analytical  method  is  based  primarily  on  the  statisti- 
cal concepts  proposed  by  A.G.  Davenport  in  1962.    However  only  a  few  suspension  bridges 
have  shown  lateral  vibrations  during  stomy  winds,  thus  this  infrequency  has  been  intro- 
duoed  in  the  analytical  proceas.    In  order  to  further  stibstantiate  these  assaqptiooa  field 
observations  on  full  scale  structures  and  wind  tunnel  tests  on  section  maMlM,  have  bean 
oondueted.  A  loog^texm  obsarvatlon  iystan  mm  then  installed  on  the  xaanon  Bridget  in 
order  to  collect  useful  data  and  thus  coaf im  ttie  design  ade^iaqf  of  the  bridge  and  mhtnrt 
tb0  design  philosophy  of  tiie  pxopesed  Bonshu-Shikeka  Bridges. 

The  Kanmon  Bridge  and  its  Aerodynamxc  Characteristics 

The  Kanmon  Bridge,  which  was  constructed  over  the  Kanraan  straits  and  forms  the 
XanBon  Blghifay'  oetMCts  ShJsoncs^  City  in  Boostau  and  the  Moji  Distriot  of  KlttitjfwOim  City. 
Ihis  is  tbm  largest  suspension  bridge  In  Jspan*  and  has  a  center  spaa  length  of  712  — tSKt. 
with  equal  side  apsns  of  178  asters  in  l«agth.   The  suapended  structure  carriee  six  tvafflo 
lanes  and  oonsists  of  stiffened  truaaesi  nine  aeters  deep  spaced  at  29  neters.   The  dear 
height  ie  61  aetees  dteve  sea  level  at  the  eenter  aipaji.    The  cxoes-aeetlonel  ebape  of  the 
atiffening  girder  was  selected  through  trlnd  tunnel  teats.   The  elevation  of  the  vvpar  «|iacA 
of  the  atiffening  truss  ia  nearly  equal  to  that  of  the  rood  surface*  with  three  laaea  at 
the  edge  and  central  part  of  the  road  deck,  oonstruoted  of  open  grid.    Iheee  constitute  a 
positive  tiharaeteriatio  of  the  bridge  relative  to  wind  suability* 

She  locaticn«  general  view  and  fundaasntal  dinsnsion  of  the  bridge  are  lAiaim  in  Figs. 
1  and  2  emd  Table  1. 

The  wind  speed  survey  anA  the  wind  tunnel  model  tests,  were  conducted  in  relation  to 
the  wind  resistant  design.    In  the  former,  the  vertical  profile  of  the  mean  wind  speed,  and 
the  vertical  inclination  of  wind  were  investigated.     Also  studied  in  detail  was  the  relation- 
ship between  the  wind  direction  and  the  wind  converge' rr^e  as  the  topographical  conditions  of 
the  construction  site  was  modified  As  a  consequence  of  this  study,  the  wind  distribution 
was  determined  cuid  the  basic  wind  speed  was  fixed  at  35.5  m/sec,  which  then  gave  a  design 
wind  speed  as  S3. 5  m/sec  for  the  stiffening  girder.     In  the  latter,  the  mean  wind  force  and 
wind  stability  of  the  suspended  structure  were  then  examined.     Two  types  of  stiffening 
girder  were  proposed  for  the  suspended  structure  namely,  the  box-stiffened  girder  and  the 
truss-Stiffened  girder.    After  prudent  ccnpariaon  of  the  wind  stability  for  both  systea«, 
the  truaa-stiffensd  auigpended  stcuoturto  waa  adopted,   fhe  wind  atability,  of  the  final  de- 
aign  structure  r  is  given  ixk  Pig.  3  and  indioates  the  relationahip  between  the  sngls  of 
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attadk  and  tbm  critical  wind  spaed  fax  tha  torsional  flutter,    lha  occurranea  of  the  t«- 
atricted  oeciXlation  was  anticipated  by  tha  wind  tiuuial  teat  on  a  main  tower  nadal  under 
oonstruction,  and  the  oscillation  was  suppressed  by  a  apeeial  energy  afaaorption  device. 
The  design  wind  load  for  a  suspended  structure  end  the  main  tower  waa  detemlned  in 

accordance  with  wind  tunnel  test  results. 

After  completion  of  the  actual  bridtre  structure  a  field  vibration  test  was  conducted 
by  use  of  twin  excitors  and  ';-ea\"y  trucks.    The  natural  frequencies  and  the  damping  charac- 
teristics obtained  from  the  test  are  given  in  Table  2.     The  observed  f reqiiencios  are  about 
four  percent  less  than  those  calculated, which  suggests  that  the  critical  wind  speed  should 
be  decreased  by  the  same  percent.     Tliouqh  tlic  observed  dami-'ing  capacity  was  swaller  than 
that    expected,  it  dues  not  appear  necessary  to  modity  the  critical  wind  speed  by  the 
magnitude,  because  the  observed  amplitude  of  the  oscillation  was  small  ccnpared  to  the 
expected  value. 

Long-term  Observation  System 

An  instrumentation  and  r3ata-recordi ng  system,  designed  to  monitor  and  record  wind 
speed  and  direction  as  well  as  earthquake  trerrior  and  to  indicate  Uieir  effect  on  the 
Structure,  has  been  provided  by  the  Japan  Hiyhway  Corporation.     The  location  of  these  in- 
struments are  shown  in  Fig.  4  and  Table  3.    The  characteristic  features  of  the  system 
are  (i)  a  large  nenber  of  instruments  are  provided,  (ii)  the  system  is  Imnedlately  avail- 
able to  record  and  nonitmrf  and  (iii)  a  digital  aignal  is  uaed  in  the  trananisaion^  in 
order  to  inereaae  the  accuracy. 

(1)  Tranaducnra 

(a)  Propeller  type  anaoiomateri    Four  anenooieters  were  poeitioned  on  the  top  of 
poles  located  on  tha  bridge  deckp  and  used  for  observing  tha  horiaontal  diatribu- 
tion  of  the  wind.    One  ananoneter  waa  installed  at  the  t^  of  tha  nain  tower 

and  used  as  reference. 

(b)  Sonle  ananmetert    One  set  of  three-conponent  aonie  ananoBetera  waa  located 
at  the  mid^point  of  the  nain  apan  and  uaed  for  obaerving  the  wind  inclination 
angle. 

{c)  Servo-type  accelerometert    Servo-type  accelerometers  of  high  fideli^  were 

positioned  at  the  mid  and  quarter  points  of  the  center  span.  One  element  mentioned 
the  horizontal  cooponent  and  the  other  two  elamenta  the  vertical  component,  at  eadi 

point. 

(d)  Displacementmeter :    Using  an  opti-al  d^v-if-e,  both  horizontal  and  vertical 
motions  of  the  stiffening  structure  were  detected. 

(e)  Others:    Transducers     used  for  earthquake  detection  were  placed  on  the 
structure,  but  are  not  described  herein. 

(2)  Data  transnission  system 

The  output  data  are  digitised  by  Analog-to-Oigital  convertora  near  the  transducers 
and  are  transmitted  1.5  kllo-msters  to  the  data  processing  systan  located  in  the 
adniniatration  office. 
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(3)  Data  pcooasaing  aystwa 

A  data  prooaaslng  systMi  eqplfiped  a  ■lal'«oiic>ater  oEdinarlly  parfona  the  aanits^ 
ing  and  raoords  tha  data.  Wbaii  tlia  wind  spaad  axoaada  a  praaat  laval«  tha  aoqalaltloa 
systeM  atttonatically  starts  and  tha  data  is  stored  on  maignatlo  tapaa. 

Cfeaatvad  nata  and  Plaeuaaion 
Wind  Charactarlatlea 

Tha  obaarvation  aystaa  vaa  aat  into  oparation  in  Jkprll  1974.    As  stramg  typhoona  luna 
not  baan  in  tha  ara  thna  fax,  only  a  faw  raoordinfa  at  lov  wind  condltiooa  waxa  obtalnad. 
Mind  charactariatiea  tiava  baan  axaalnad  in  oixdar  to  conpaxa  tha  raal  wind  diatrlbution 
with  that  aspaoted.    Pig.  5  indicated  a  trace  of  the  wind  speed  and  the  dixectloaf  at  four 
stationa.    Fzooi  this  information  statistical  data  such  as  mean  wind  speed  and  standard 
deviation  aca  calculated  as  shown  in  Fig.  6  which  gives  the  variation  of  the  wind  with  time. 
A  set  of  power  spectral  density  ie  given  in  Fig.  7,  from  which  the  cbaracteriatio  Caatuvas 
of  the  approaching  wind  is: 

(1)  The  turbulence  intensity,  gust  factor  and  power  spectral  density  of  the  wind 
agree    well  witti  those  obtained  previously  in  the  past,  with  a  notipeat^le  effect  of 
wind  convergence. 

(2)  The  horizontal  distribution  of  the  wind  speed  was  observed  on  the  deck  and  is 
aij&ost  uniform,  with  a  small  deviation  of  1  a/sec.    The  aean  wind  direction  is  nearly 
equal  for  aaoh  station,    tlewever,  inatantanaoue  wind  apeeda  and  directions  fluotosta 
so  violently,  tdiat  oxoaa-oorxalattion  of  tha  wind  speed  rapidly  decreases  witii  an 
Inctaasa  In  tt»  distance  batwaan  stattoms*   According  to  tha  eross-oorxalsfcloa  coa^- 
eiant  of  wind  ^aed  as  shoim  in  Fig.  8,  tha  wind  speed  has  a  strong  eorralation  with 
the  ananoawtara  aat  at  20  maters  apart*  but  has  a  weak  correlation  for  thoae  flMtaxa 

ara  180  neters  spsrt. 

(3)  According  to  the  topographical  aodal  tsats,  the  vertical  inclination  of  the  wind 
at  tha  stralta  varies  with  ths  principal  wind  direction.    For  instance,  tiia  8-M  wind, 
which  ooaaa  fxan  Nt.  BincyaiMt  (BL.  268  ■) ,  has  an  angle  of  inclination  of  3  dagreaa  ac 
tha  Shiwonosaiki  side,  with  tha  1KB  wind  showing  a  negative  angle  on  that  aide. 

vha  recordings  of  the  sonic  ansitowetara  at  the  east  side  of  tha  bridge  deck  showed  a 
positive  angle  for  both  the  E-ssw  irind  and  the  b-nnb  wind. 
llaSPOnse  of  the  Stiffening  Girder 

In  order  to  better  understeuid  the  behavior  of  the  suspended  structure  when  subjected 
to  wind,  a  motion  picture  was  made  by  a  conputer  output  microfilming  system.     This  motion 
picture  showed  that  the  bridge  vibrated  randomly  in  vertical  bending,   torsional,  and 
lateral  bending  modes  with  the  vertical  bending  mode  being  dominant.     Fig.  9(1)  through 
Fig.  9(5)  shows  the  power  spectral  density  of  the  acceleration  for  each  mode,  and  Fig.  9(6) 
and  Fig.  9(7)  displacentent  mode.     In  Fig.  9(1)  and  Fig.  9(2)  the  natural  frequencies  are 
indicated,  which  were  obtained  by  forced  vxoiation  test.     These  frequencies  coincide  with 
the  peak  frequencies  of  the  power  spectral  density  curve.    However,  the  peak  frequencies 
of  the  lateral  bending  vibrations  are  smaller  than  the  calculated  frequencies  usin^  the 
Bllla*  Bathed.    It  was  dataralnad,  froa  the  acoalaration  record,  that  the  response  vibrap 
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tion  of  the  suspended  structure  is  rimdom  in  character  and  the  lowest  mode  of  either  sym- 
metry or  antisynmetr-y  is  dominant.     According  to  the  powor  spectral  density  of  ths  displace— 
ment  the  contribution  of  the  higher  mode  of  vibration  is  smaller  than  the  lower  node  of 
vibration.     It  may  be  said  that  the  vibration  with  the  lowest  mode  is  important  not  only 
for  the  flutter  phenomena  but  for  the  gust  response  problem. 

Wind  Speed  and  Structural  Response 

In  Fig.  10  and  Fig.  11  the  original  trace  of  the  wind  speed  and  the  sturctural  response 

is  given.     The  structure  starts  to  vibrate  at  a  wind  threshold  Icvol  during  the  combined 
vertical  and  lateral  bendinq  mode  and  is  random  rather  than  sinusoidal.     The  magnitude  of 
the  vibration  seems  to  depend  on  t'r.e  wind  speed  levpl  rather  than  on  the  wind  turbu3er.ce 
level,  and  with  an  increase  in  the  wind  speed  the  lowest  mode  of  the  vibration  becomes 
dominant . 

Fig.  11(1)  showis  experimental  and  analytical  mean  aiid  tl^e  staMdard  deviation  of  the 
lateral  displacement  at  nddpolnt  of  the  center  span  in  relation  to  the  transverse  con^nent 
of  tba  mean  wind.    The  analytical  Method  that  was  used  is  tlM  aana  aa  raportad  at  tha  last 
Joint  Meeting.   According  to  Fig.  ll,    the  observed  values  coincide  qualitatively  with  the 
theoretical  value  but  the  observed  aiangitudes  are  snaller  In  convarison  to  the  theoretical 
values.    This  indicates  tike  necessity  to  reezanine  the  wind  characteristics  (^atlal  dis» 
txibution,  power  spectral  density  of  wind) ,  structural  characteristics  (natural  frequency, 
daiiping  eapacl^)  and  the  aero^^amic  rei^ponse  characteristics  (aerodynamic  admittance » 
aerodynamic  danping). 

Conclu'jH  ng  PwHiirtw 

ihe  nain  part  of  this  work  has  been  concerned  with  the  eoEaiiinatian  of  data  collected 
by  a  long-term  observation  system,  in  which  only  a  few  samples  of  data  have  been  obtained. 
Ihe  primary  analysis  of  this  ■ininom  data  Indicates  the  following; 

(1)  Ihe  observed  wind  characteristics  (power  spectral  density  of  wind  speed,  turbulent 
intensity r  and  gust  factor)  are  similar  to  those  observed  previously,    ihe  horisontal 
distribution  of  the  wind  speed  and  the  direction  is  nearly  uniform,  however,  the  wind 
oonvergmoe  at  tiie  straits  has  not  been  confirmed.    The  wind  inclination  data  shows 
tliat  reverse  characteristics  in  comparison  with  wind  tunnel  experiments,  thus  indi- 
cating a  detailed  survay  is  necessary. 

(2)  During  ths  flsld  studies  no  information  of  the  flutter  problem  tfas  obtained. 

However,  some  response  characteristics  of  the  suspended  structure,  against  natural 
wind,  were  obtained.     It  was  found  that  the  structure  vibrates  reindomly  and  that  the 

higher  mode  components  as  well  as  lower  mode  ones  are  included  in  the  power  spectral 
density  of  acceleration  but  the  lowest  mode  is  dominant  in  displacement. 

(3)  The  observed  vibrational  displacement  shows  the  saune  tendency  when  compared  to 
the  calculated  values  based  on  Davenport's  method,  but  does  not  agree  quantitatively. 
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Table-3   IttAtnniAitt*  for  long  term  obsorvacion  syetttR  it  Kannon  Brldga 
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Fig.-l    Map  of  the  Kanmon  Straits 
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Flg.-S    The  aerodynamic  charactsrlstles 
o£  Ch«  Kanmon  Bridge 
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18  Nm  .  21  Mm  1974 


Fig.  11(1)    Wind  speed  v.s.  Horizontal  dlsplaccaent 
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LULXNG,  LOUISIANA  CABLE-STAYED  BRIiXSE 
MXHD  TOMMEL  SECTION  MODBL  IBSTS 

by 

Richard  H.  Gade 
Research  General  Engineer 
0£f ice  of  Research 

and 

Walter  Podolny,  Jr. 
Structural  Engineer 
Office  of  Bngineering 

and 

Harold  K.  Bosch 
Structural  aeaearcdi  Engineer 
Office  of  Research 

Federal  Highway  Administration 
Mashlngton,  D.  C. 

ABSTWICT 

Resvlts  of  wind  tnnnal  section  nodel  tests  of  five  ortlx>tropic  siqwrstmctiire  oonf ig- 
urationB  for  the  Lalingt  LouiBianat  Cable-stayed  bridge  are  presented. 

The  lf235>£oot  (376.4  meters)  long  nain  span  crossing  of  the  Mississippe  River  is 
designed  for  150  aiiles  per  hour  {67  meters  p«r  second)  hurricane  wind  velocity. 

The  section  models,  1/60  scale,  are  tested  at  six  wind  angles:    -4*,  -2*,  0*,  2*,  4*, 
and  6*.    Flutter  coefficients  are  plotted  for  all  tests. 

The  tests  show  freedom  from  flutter  at  the  design  wind  speed.    Vortex  ercitation, 
vertical  and  torsional,  is  eidiUaited. 

Testing  is  performed  in  smooth  flow  conditions  at  the  Fairbanlc  Highway  Research 
Station  of  the  Federal  Highway  Administration,  utilising  the  George  S.  Vincent  Hind  Tunnel. 


Kay  Wtnds:    Bridqe,  cabled  stayed,  wind  tunnel,  models,  displacements,  flutter,  wind 

angles. 
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latacodactlen 

Meant  bridge  strocturvs  have  Incrttasad  dlnMnsions  and  £laxibillty  mi  dteXMMd  dCAft 
iraigbt  and.  daaping  dharactarlatica.    Raduction  of  daad  weight  pcoducaa  a  nagnifloatlan  of 
wind  affiaota  relative  to  the  inertia  of  the  stroeture.    Increased  flaudbillty  daoraaMa  tlia 
natural  frequencir  of  vibration.   Hodem  fabrlcatiOM  technlqnea  have  decrease  the  utnabtmlk 
ability  to  absorb  energy  by  sliding  friction  between  component  parts  and  thus  leso  enacgy 
is  required  to  initiate  and  maintain  vibration.    As  a  result,  recent  struotures  are  be- 
coming more  sensitive  to  not  only  static  wind  effects  but  dynamic  ones  as  well.     Some  ex- 
isting and  relatively  re::ent  structures  have  been  so  affected  by  wind  oscillations  tliat  they 
have  required  reinf orcemui-it  or  modification  by  fairing. 

The  assessment  of  dynamic  deflections  and  oscillations  of  long-span  bridges  due  to 
wind  action  usually  resorts  to  a  wind  tunnel  model  test.     This  is  particularly  so  for  the 
traditional  truss  stiffened  suspension  bridge.     The  cablc-stayod  box-girder  bridge  which  is 
currently  receiving  popularity  by  designers  in  the  United  states  is  subject^  f uxuiaioejitally « 
to  the  sane  wind  exeitation  naehanivi  a«  the  traditional  suspension  bridge.   ih«  Inbarent 
general  iaereaae  in  •tiffneaa  of  the  cable-stayed  box-girder  does  place  it  in  a  dif farent 
reals  of  reqponae. 

This  paper  will  present  data  gathered  frm  andel  studies  conducted  by  the  Vederal 
Highway  hdninlatration  (PBm)  on  tiie  Uilingf  Louisiana  cable-stayed  bridge. 

wind  Force  and  Angle  of  Attack 

Hind  force  on  an  (deject  is  normally  not  In  line  with  the  diraotion  of  the  wind.  In 
conventional  aerodynaaic  analysis*  l.e.«  airfoil  design,  wind  force  is  divided  into  tK> 
ooaponmtai  drag  and  lift,  parallel  and  pecpendicular  to  the  wind  direction.  Ihia  saaM 
convention  may  be  aipplled  to  a  bridge  deck  wherein  the  resultant  wind  is  oriented  to  ttie 
atmctore  by  the  angle  of  atta^  o«  positive  wtaam  striking  the  section  from  the  underside. 
It  is  convenient  in  considering  wind  effects  on  bridge  stmetnres  to  consider  lift  being 
perpendioular  to  the  normal  erosa-sactlon  poaiticn  of  the  bridge  deck* 

In  the  evaluation  of  wind  forces  on  a  atructure  thsre  is  a  concern  for  the  determine 
ation  of  the  possible  direction  of  critical  wind  velocity,    in  plan  it  is  generally  ■aaiKil 
that  tiM  eritieal  wind  direction  is  perpendioolar  to  the  longitudinal  axis  of  the  bridge. 
An  obvious  qussticn  arises  as  to  what  waxtww  value  of  the  angle  of  attack,  a,  should  be 
considered  on  the  deck  cross-section.    The  angle  of  attack  is  a  function  of  wind  velocity 
jmd  site  conditions.     Preliminary  data  for  the  relationship  between  maximum  observed  angle 
of  attack  and  wind  velocity  obtained  by  the  FHWA  at  the  Newport,  Rhode  Island  Suspension 
Bridge  over  Naragansctt  Bay  (Fig.  1)  provided  measurements  of  the  mean  vertical  wind  angle 
for  a  range  of  wind  speed  recorded  for  Hurricane  "Doria".     Form  these  curves  it  can  be  seen 
that  the  angle  of  attack  decreases  with  increasing  wind  speed,   thus,  at  lower  wind  speeds 
the  structure  must  bu  stable  for  larger  values  of  angle  of  attack.     The  curves  shown  in 
Fig.  1  may  serve  as  a  guide  but  may  not  necessarily  be  applicable  to  other  sites  and 
possibly  may  impose  unnecessary  ccnatrainta  to  the  analysis. 


11-48 


Digitized  by  Google 


lulinq  Bridge 

Wind  tunnel  tests  are  being  conducted  «i  1:60  scale  section  models  for  the  proposed 
bridge  decdc  superstructure  cross-section  shapes  of  the  Luling«  Houisianar  cable-stayed 

bridge  over  the  Mississippi  River.     These  tests,  still  in  progress,  are  being  conducted  at 
the  FHWA's  Fairbank  Highway  Research  Station,  McLean,  Virginia,  using  the  low  speedy  smooth 
flOW/  6  ft.  by  6  ft.  open  jet,  George  S.  Vincent  Memorial  Wind  Tunn^^l  facility. 

The  experimental  procedure,  Fig.   2,  suspends  the  essentially  rigid  model  by  four  equal 
springs  at  each  corner  of  the  end  supporting  brackets.     End  plates  are  employed  so  that 
the  air  flow  near  the  end  of  the  model  is  two-dimensional.     The  models,  five  feet  in  span, 
are  scaled  by  the  Froude  Number  Criteria  for  mass  property  and  vertical  natural  frequency. 
Due  to  practical  limitations  of  simulating  the  relatively  high  prototype  torsior.al.  charac- 
teristicB,  values  of  polar  nass  nonent  of  inertia  and  torsional  natural  frequency  do  not 
achieve  Proute  Scaling. 

The  behavior  of  dnved  spring-iaass  systems  is  dependent  on  the  value  of  the  daiiping 
coefficient.    A  specific  value  of  structural  danpiag  for  a  proposed  bridge  structure 
(which  for  practical  purposed  is  iaipossible  to  obtain)  is  difficult  to  assign,  and  conae- 
quently,  so  is  the  value  for  a  model  system.    The  section  model  testing  is,  therefore, 
tnated  as  a  method  of  extracting  aerodynemiie  information  which  can  be  used  analytically 
with  any  selected  value  (or  values)  of  prototype  structural  dancting.    Thereby,  the  need  for 
adjusting  the  model  system  to  a  specific  value  of  structural  damping  is  avoided.    The  tests 
are  conducted  with  the  values  of  mechanical  damping  exhibited  by  the  freely  oscillating 
model. 

Seven  supsrstructure  configurations  are  considered,  all  having  a  center  line  median 
barrier,    a  typical  section  model  of  the  double  trapezoidal  box-girder  design  with  an 

orthotropic  deck  is  indicated  in  Fig.  3.    The  same  section  model  modified  by  a  slanted,  non- 
structural, fascia  plate  is  shown  in  Fig.  4.     Initial  wind  tunnel  tests  suggested  that  this 
"faired"  cross-section  would  exhibit  a  marked  improvement  in  aerodynamic  response.    A  sec- 
tion model  of  a  multi-cell  steel  box-girder  of  a  "atreanlined"  cross-section  is  shown  in 
Fig.  5. 

The  aerodynamic  information  obtained  from  the  section  model  tests  is  in  the  form  of 

2 

flutter  derivatives,  following  the  procedure  and  linearized  treatment  of  Scanian  and  Tomko. 
The  oathematical  model  for  lift  and  torsional  moment  are  indicated  in  Eq.  (1). 


m  r  fi  +  2C  (0  h 
^  h  h 


-f  tt) 


(1) 
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■  angular  displacenent 

■  Smdk  width 

■  nondimansional  cottfficioDta  dapandent  upon  K  (i-1,2,3} 

-  damping  ratios  raapectlvaly  in  vertical  and  torsional  notions  of  tfaa 

free  bridge 

■  corresponding  natural  frequencies 

=    mass  and  mass  noment  o£  inertia  of  Uie  dva^  pei  ujixt  isi^dii,  releired 
to  the  elastic  axis 

-  vertical  displacement 

■  air  density 
"  trind  velocity 
«  fiu/v  or  "reduced  frequency** 
e  circular  frequency  of  oscillatory  motion 

The  Zittling  Bridge  models  eadilbited  uncoupled  response  motion i  therefore*  only  the 
H^,       and  A  J  stability  derivatives  are  applicable,        ij  the  function  for  aerodynamic 
danpin?  of  verticiU.  oscillation«  A^  is  indicative  of  torsional  aerodynamic  damping  end 
A^  ia  the  measure  of  change  ia  toraional  frequency  between  aerodynaiuic  damping  and  mechan- 
ical damping. 

Six  wind  angles  varying  from  -4*  to  46*  and  incxrownts  of  equivalent  prototype  wind 
speed  to  160  mpb  were  investigated*    The  experimental  values  for  the  respective  derivatives 
are  plotted  as  functions  of  reduced  velocity  (v/MB)  which  may  be  considered  as  a  non> 
dimensional  frequency. 

An  example  of  the  test  results  are  shown  in  Fig's.  6  through  8  for  H^^,  A^  and  A*,  the 
test  results  illustrated  are  for  model  C-2C-A  at  zero  wlr.rl   inglr  . 

All  model  shapes  showed  freedom  from  self-excited,  di vn:  .|r:r;r  ,  v^rr  . cnl  rl  itcnr  oscil- 
lation.    Torsional  flutter  occu        at  wind  speeds  well  ah  ■  -    -lie   'hisl:::  va:u<?  o:   150  mpn , 
or  at  unlikely  wind  angles.     However,  all  models  respond':!,   vaiicuiil/,   t_o  vordcx  sVic-ddinq 
response.     This  is  an  amplitude  limited  response  whereby  tiic-     L  i  iuJic  slicddin  j  oi  vornici** 
in  the  wake  of  the  structure  is  resonant  with  the  verticc-i  an^,  rn    Lun.ior.al  o<>dcc  ot  the 
structural  system.    This  amplitude  limted  oscillation  can  be  an  unacceptable  characteristio 
of  the  design  tdMn  it  occurs  at  modemte  wind  speeds  and  the  resulting  acceleration  of  the 
oscillating  structure  is  disturbing  to  the  user. 

A  small  scale  (ItlSO)  sectional  repres«Atation  of  the  croes-section  scheme  C-2C  was 
placed  in  an  air  flow  containing  smoke  filaments  for  purposes  of  flow  visualisation.  Plow 
separation  tripped  by  the  leading  parapet  railing,  and  again  by  the  median  barrier  is 
illustrated  in  Pig.  9(a).    Pig's.  9(b}  and  (c)  capture  the  trailing  vortex. 

An  sstimate  of  the  prototype  response  to  vortex  shedding  is  provided  by  data  from  the 

3 

Dndel  tests.    As  suggested  by  Scanlan  •  the  analytical  model  for  the  homogeneous  self- 
excited  condition  of  "flutter  methodology"  is  nodified  by  providing  a  special  periodic 
forcing  function  applicable  at  the  Strouhal  or  vortex  exciting  condition*    For  the  case  of 
purely  vertical  response  motion*  the  test  abservations  provide  a  derivative*  B*,  chaxao- 
terizing  the  dec^  from  an  amplitude  greater  than  resonance  to  the  steady-state  reaonant 


Where 


B 

*  * 

V*i 
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0)^  ,  UJ 
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aaiplltade,  and  «  dynaMic  lift  coefficient  C^^,  Eq.  (2) .    Nith  these  eoeffleients,  and  & 
selected  value  of  prototype  damping,  a  conservative  estlatate  of  prototype  behavior  can  be 
calculated^  when  100%  lateral  ccdtezoioe  of  vortex  exciting  wind  flow  is  assined* 


KH*^  +  C,_«iniii  t 
Ov       to  m 


(2) 


K  siamary  of  the  test  results  for  three  oonipaxative  nodels  is  shomi  in  Fig*s.  10 
thxou^  12.   The  oeeillating  response  characteristics  of  the  section  shaqpe,  referred  to 
equivalent  prototype  wind  epeed,  and  for  wind  angles  of  attack  are  plotted.   Ihe  shaded 
bands  show  the  "lodking  in"  range  of  wind  speed  over  which  vortex  excitation  takes  place. 
Hm  natural  wind  angle  boundaries  are  for  the  Severn  Bridge  reference  data*  and  for  the 
recorded  data  on  the  MeHport,  Khode  island  suspension  bridge. 

For  tiie  sane  sections,  an  estination  of  the  double  anplitude  re^nse  of  the  proto- 
type structure  to  vortex  induced  oscillations  have  be«i  calculated  and  plotted  in  Fig's. 
13  throng  IS.   tte  ordinate  scale  is  critical  daxping  ratio.   The  abscissa  scale  is  feet 
of  dotible  anplitude  at  center  of  span  with  associated  value  of  root  mean  aqpare  g's  of 
acceleration. 


As  a  result  of  innovations  in  structure  concepts,  aophiatloated  structural  analysis, 
ttaterials,  fabrication  and  erection  procedures,  recent  bridge  structuns  are  becoodng  sore 
sensitive  to  not  only  static  wind  effects,  but  ^rnaaic  ones  as  well.   As  a  consequence, 
wind  forces  have  taken  on  an  increased  inportance  and  elgnlficance  and  can  be  a  Major  pro- 
blem in  cable-supported  bridge  systeasy  serious  consideration  of  these  forces  is  required 
by  the  designer. 

While  most  problems  of  bridge  stability  resulting  from  wind  forces  are  recognized,  the 
acquisition  of  data  for  new  designs  in  the  wind  tunnel  is  mandatory  to  produce  adequate 
wind  steibility  information  to  enhance  their  design.     At  the  present  tine  there  is  no 

purely  analytical  methodology  to  preclude  wind  tunnel  testina. 

Data  has  been  presented  on  current  or  on-going  studies  of  the  aeroaynamics  of  selected 
structures.     The  method  employed  of  extracting  the  aerodynamic  derivative  data  from  test 
results  places  no  A  Priori  restriction  on  the  frequencies,  daropiny  value,  or  inertias  em- 
ployed in  the  section  model  although  it  is  suggested  that  highly  unlikely  values  not  be 
used. 

It  is  invortent  to  note  that  while  the  validation  of  etabillty  of  the  completed 
structure  (for  expected  wind  speeds  at  the  eite)  is  nandatory,  it  does  not  necessarily 
i^ply  the  aost  critical  stability  condition  of  the  structure,    a  more  dangerous  condition 
may  be  during  erection  when  full  connection  of  tiie  joints  may  not  have  been  established  and 
thus  full  stiffness  of  the  structure  is  not  adiieved,  the  frequencies  are  lower  than  in  the 
final  state  and  tlie  ratio  of  torsional  frequency  to  flexural  frequency  approaches  unity. 
Ihe  use  of  welded  ocatponents  in  towers  has  contributed  to  the  BUBceptibility  of  tower  vi- 
bration during  erection. 


Closure 


II-Sl 


Component  parta  Of  tlM  MtxnetuT*  mem  al«o  ilk  tlifliaiBelvM  fttt«oapitibl«  to  tviuA  ttseitstiott. 
Tho  cftlbos  of  oabl«-«t4Qr  bridges,  the  hmg«n  of  suspension  brldgoa  and  areih  bridges,  and 
tha  towars  of  suvsnslon  and  eSbla-sbaar  bridgas  hava  baan  known  to  prasant  pKoblaan,  uaually 
fzoB  vortax  axoitad  vibrations. 

Consideration  as  to  an  aoc^tSble  level  of  antlon  falls  Into  two  eatagooriesi    11  struo- 
tiirally  dawaglng  votloo  and  2}  bunsn  rei^anse  notion.    The  first  relates  to  violent  aotlon 
that  Bay  be  catastrophie  and/or  aotlon  tiiat  over  a  period  of  tisia  aajf  lead  to  fatigue  re- 
lated failures,    lbs  ssoond  relates  to  Botion  ttiat  nay  not  be  atructnrally  daaaging  but  say 
be  objectionable  fron  the  stand  point  of  nsor  aocvtaaoe,  i.e.,  vibration  that  is  notloeable 
to  pedestrians  or  oecqpants  of  standing  or  moving  vehicles. 

A  great  anount  of  research  needs  to  be  eigended  to  studr  the  stsbili^  of  bridges  of 
new  designs,  to  develop  criteria  to  rectify  existing  bridges  that  are  or  nay  beoons 
troublesooe  frost  a  wind  stability  point  of  view,  and  to  develop  adequate  procedures  such 
that  designers  can  produce  stable  designs  at  the  oonoqption  of  a  bridge  or  at  least  to  nini- 
nice  the  probabill^  of  unstableness. 

A  necessary  prerequisite  to  any  atten^t  at  developing  design  criteria  and/or  predictive 
techniques  that  will  produce  a  reasonaible  confidence  level  of  aerodynamic  stability  for 
various  cross-sections  in  use  or  contemplated  and  the  accommodation  of  tha  vagaries  ot  tha 
natural  wind  will  caqulxe  extensive  additional  field  and  iaboratocy  work. 
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LuHncj  Bridge  Section  Model  C-2C-A  Fig.  4 


Luling  Bridge  Section  Model  C-6-C-B  p^g^  5 


11-57 


Digitized  by  Google 


I 

i 


I 


0.00 


1.00 


2.00 


3.00 


U.OO 


5.00 


6.00 


V/NB 

EXPERIMENTAL  RESULTS  FOR  HSl 

LULING  LOUISIflNR  CRBLE-STRTEO  BRIDGE 

MODEL  C-2C-fl  Fig.  6 


1 1- 3a 


Digitized  by  Google 

* 


ni 


EXPERIMENTAL  RESULTS  FOR  flS2 

LULING  LOUISIRNR  CRBLE-STRYEO  BRIDGE 
MODEL  C-2C-R 


3,60 


Fig.  7 


11-59 


Digitized  by  Google 


O  flLPHR  =  -14DEG  OMIN 

A  flLPHfl  =  -IDEG  U5MIN 

+  flLPHR  =  ODEG  OMIN 

X  RLPHR  ■     2DEG  OMIN 

O  flLPHfl  =     4DEG  OMIN 

^  flLPHfl  -    6DEG  OMIN 


'0.00 


0.80 


1.20 


2.«0 


3.00 


9.80 


1.60 

V/NB 

EXPERIMENTAL  RESULTS  FOR  nS3 

LULING  LOUISIflNfl  CRBLE-STRYEO  BRIDGE 
MODEL  C-2C-fl 

rig.  8 


II-<60 


Digitized  by  Google 


11-61 


Digitized  by  Google 


Q 
Z 
< 


o 
_J 


X 


CO 
X 


o 


o 

UJ 


UJ 

e> 

Q  rH 

I 

to  y- 
_i 

o 

LU 


O  O 

o  o 


•y-r 

I  -• 


II 


II 


00 

I 

Ul 

_l 
< 


I 

CNI 
I 

t_3 
I 

LU 
CL 
>- 


4J  l/> 

L.  I. 

0)  O 

>  *■> 

•o  «o 


/ 


/ 


<  — 


^  V) 

-J  o 
-J  u 


/ 


r  / 


/ 


: 

/ 

/ 

5PEEI 

J 

• 

JTTER 
rORSIC 

J 

1 

u. 

<  _l 
I-  < 
—  z 

u  o 

X  — 
UJ  (/> 
OC 
X  O 
UJ  t- 
K- 

q: 
o 
> 


>- 

<< 

Q  — UJ 
2  OC  O 

r)  o  o 

O  Q  — 

CQ  o: 

UJ  CQ 
UJ  z 


o  u  o: 
s:  —  o 

<  CC  Q. 

a  3  UJ 

Z  X  z 


■  to 


I 

I 


cr 
+ 


09 
UJ 
UJ 
DC 
O 

bJ 

a 


<-3 


I 


o 

< 


X 


< 


1 


I 


X 
UJ 

cr 
o 
> 


IT 
UJ 
> 


I 


o 
I— I 

CM 


O 

oo 


-to 
f 


o 

U3 


O 


H'd'w  -  a33ds  aijiM  BdAioioyd 


Fig.  10 


_I_L 


11-62 


Digitized  by  Google 


>• 


1      Fig.  11 

 '  '   i  ' 


11-63 


a 
< 
>- 


o 


X 


—J  Q 
UJ 

oo 

X 


CD 


UJ 

a 

CO 

a 

UJ 

>- 
< 
»- 
to 
I 

UJ 

-J 

CO 

< 


Q:: 


o 

LU 

e3 


3 

_l 


I 


UJ 
Q. 


o 

UJ 
CO 

<o 
o 
ae 
u 


a 

Hi  CO 

>  UJ 

on  -1 
UJ  o 

Z 

03  < 

o 

UJ 

tt:> 
UJ  — ■ 

ZD  O 
_J  UJ 


oi- 


UJ 

o 


o 

CM 


'  '.It- 


IJ  I  r 


cn 

I  n 


: :  1 ; ;  1 


'H'd'W  -  G3dS  QHIM  3dAi0i0ild 


Fig.  12 


11-64 


Digitized  by  Google 


11-65 


Digitized  by  Google 


1 


11-66 

Digitized  by  Google 


Fig.  15 


11-67 


Google 


Digitized  by  Google 


THE  BBGIONAL  DISTniBUTIOK  OF  TUB  BMRTBQIDUDB 

DANGER  IN  JAPAN 


by 

S.  Hattori,  Y.  Kitagawa  and  T.  Santo 
International  Institute  of  Seismology 
and  Earthquake  Engineerinq 

Building  Research  institute 
Ministry  of  Construction 

ABSTRACT 

The  values  of  m  and  log  k  in  Ishimoro-Iida's  statistical  Foxnula  are  derived  for  each 
coirqponent  of  the  maximuni  displacement  amplitude  observed  at  naiiy  stations  of  ttie  network 
laalntained  by  the  Japan  Meteorological  Agency  (JMA) . 

A  distribution  map  of  expected  maxirr.um  displacenent  amplitudes  for  the  earthquake 
recurrence  period  of  100  years  is  made  based  on  the  derived  values  of  m  and  log  k.     The  map 
indicates  quantitatively  the  regional  distribution  of  earthquake  danger  in  and  around  Japan. 
It  is  seen  from  this  map  that  the  general  level  of  the  earthquake  danger  varies  throughout 
Japan.     This  variation  is  also  found  to  reflect  the  pattern  of  seismic  activity  throughout 
the  area.    The  earthquake  danger  increases  along  the  Pacific  side  of  Hokkaido,  Tohoku  and 
Kinto  districts  and  dsersASSS  in  the  southMstMcn  and  inland  areas  of  Japan,    snail  vasia- 
tions  are  also  raooQaisad,  whif^h  might  suggest  that  the  earthquake  danger  is  affected  by 
local  geological  and  svfbsoil  effects. 

Key  Words:    Earthquakes;  Earthquake  Dlstriliutions  Field  Data;  nre^ncy  Mips;  Ground 
Displacenent;  Japan. 
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Datm  and  9»  MHhod  of  taalysl* 

Am  data  mm  ctotaiMd  txm  tlw  Bonthly  r«port«  of  SHK  (J^bb  Mataorologloal  Avanoy) 
fsM  Jan.  1967  to  Jan.  1972*  which  fflva  thm  ralavant  inforaatlona  on  a  alngle  earthi|tia]w 
roeordad  at  a  partloular  atatlon.   flw  data  axa  vaooidad  on  oaxda  for  oacii  statian«  with  tlia 
atnbar  of  earda  for  aaoh  year  aa  liatad  In  Mbla  1*   fkaaa  data  ara  then  tranafaxrad  to  and 
atorad  on  nagnatie  t«paa. 

Soianioity  In  a  eartaln  asaa  can  ba  naaaiirad  by  a  wall-knoim  ooaf f letant  b  in  a  fomla 
of  log  N  "  a  •*■  hHi  itt  whldi  N  ia  tAa  f  raquan^  of  tha  eeeueroaea  of  aarthqutka  vitli  aanoi* 
tndaa  oC  M  ♦  AN*  uliaxa  a  and  b  ara  conatanta. 

In  addition  to  this  aqMation  anothar  laaafal  fomnla  baa  baan  darivad  by  M.  lahlaoto  and 
X.  lida*  and  iai 

nU)dA  «  k&~"dA  (1) 

Mhaxa  n(A)  is  the  number  of  earthquakes  with  niaximua  displacement  ainplitude,  A  +  dA.  Tha 
two  constants  m  and  k  in  equation  (1)  have  often  been  t^i!;  ilated  by  means  of  the  least 
squares  method.     Recently  T.  Utsu  [11  has  reported  that  the  coefficients  in  equation  (1)  can 
be  calculated  with  high  eiccuracy  by  meeuis  of  the  naximim  likelihood  nethod  as  expressed  in 
the  following  formula: 


j£,logAj-SktAj 


(2> 


where  55  denotes  tha  tuCAl  nvimber  of  data  used  and        ia  the   i -r.h  tnaximom  displacement 
ainplitude  with  the  order  nu^iiber  1  from  the  largest  value  and       is  the  least  value  of  the 
naximum  displacement  ao^litudes  in  the  data  used. 

The  value  of  the  coefficient  k,  or  log  k>  can  be  calculated  from  the  following 
fomilai 


Log  k  "log  N(A  i  Aj)  +  log(in  -  I)  +  (ro  -  l)log  Aj 


(3) 


whtta  N  danotes  the  total  nunbar  of  waitiiM  di«plaoMant  anplitodaa  vhioh  aaoaad  tha 
aalaetcd  level,  A^. 

It  must  be  noticed  that  the  values  of  m  and  log  k  are  dependent  on  the  value  of  . 
For  instance,  if  too  small  value  is  selected  for  A_,  ,  the  number     f  data  which  ntiay  be  used 
becomes  smaller  than  the  actual  number  owing  to  the  limitations  in  the  ability  of  observa- 
tion and  reading  of  records,  which  leads  to  situations  which  'ir!'i«rostimate  the  value  of 
m.    Taking  this  into  account,  the  data  that  was  selectad  satisfied  equation  (1)  for  calcu- 
lating m  ami  log  k  at  each  station. 
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Numerical  Analysis 

In  the  ^rvsent  study «  the  values  of  n  and  log  k  were  calculated  frcai  the  data  usinsr 
three  oooiponents  N-S*  E-W  and  U-0«  and  resultants  at  109  stations,   m  Figs.  1  and  2, 

the  relationship  of  (1)  cumulative  freqpiency  N  versus  log  A  and  (2)   N  versus  log  A^  for  the 
for  the  range  of  log       =  0.1  to  3.0,  are  shown  for  stations,  Hikone,  Okayana  and  Tokyo. 
The  total  number  of  the  maximiam  displacement  amplitudes  for  the  N-S  cooiponent  clven  in 
Fig.  1(a),  is  443.     Because  data  in  the  range  of       =  0.1  to  1.0  is  small,  the  values  of  m 
for  this  r2uige  are  not  constant  and  thus  were  not  used.    The  trend  of  the  variable  m  rela- 
tive to  E-W,  U-D  and  the  resultant  components,  has  similar  trends  when  compared  to  the 
M-S  component.    Consequently  in  the  present  paper,  the  average  value  of  m  and  the  standard 
deviation  were  all  calculate'i  from  the  data  using  the  N-S  component,  using  tentative 
values  at  eaci.  station  in  tin;  range  of  ioy        =■  1.0  to  2.0  at  inteivala  ui  O.i.     Thu  average 
value  of  log  k  and  the  standard  deviation  were  then  calculated  using  Eq.   (3).    The  average 
values  of  n  are  ahoim  fay  snail  open  circles  indiceted  by  arrows  in  figxires  1  and  2  and  as 
seen  in  Figs.  1(a)  and  l(b}  the  trends  are  qi»lte  similar  at  Hikone  and  at  Okayana. 
Examination  of  the  Tokyo  Statl<m  data  shomi  in  Fig.  2,  however,  is  quite  different.  In 
this  case«  the  values  of  m  do  not  converger  even  for  a  range  of  log  A^  beyond  1.0.  Quite 
reasonably  for  this  case,  the  values  of  the  cumulative  frequency  distribution  N  does  not 
show  a  linear  relationship  relative  to  the  log  A.    Average  values  of  n  and  log  k«  at  this 
station  have  much  larger  standard  deviations  than  in  other  cases,    In  Table  2,  eaanples  of 
the  values  of  n  and  log  k  and  their  standard  deviations  are  listed  for  all  109  stations. 
In  this  Table  Nl,  N2  and  n3  respectively  means  the  total  number  of  data,  the  nimriier  of 
data  for  log  A  ^  1.0  and  for  log  A  >   2.0.    Fig.  3  shows  the  differences  between  the  values 
of  m  and  log  k  for  different  components  at  approximately  60-  stations.    As  can  be  seen  frost 
this  figure,  some  stations  have  a  value  of  m  equal  to  1.2  or  1.4.   These  exceptional  small 
values,  ho«raver,  were  due  to  an  insufficient  number  of  data,    sxamination  of  the  calctilated 
values  of  m  and  log  k  using  different  con^>onents,  diowed  that  there  was  indifference  from 
station  to  station,  as  mentioned  previously. 

Fig.  4(a)  shows  the  regional  distribution  of  the  parameter  m    calculated  from  the 
data  on  N-E  components,  while  in  Fig,  4(b),  the  distribution  of  m  excluding  those  of 
values  of  m  less  than  1.5.     As  can  be  seen  in  Fig.  4(b),  the  stations  at  which  large  values 
of  m  were  observed,  tend  to  be  distributed  near  the  most  active  violent  seismic  zones  in 
Japan.     These  region  i  are  along  the  Pacific  coast  from  ilokkaido  and  from  Tohoku  through 
th«  northern  part  of  Kanto  down  to  the  southern  parts  of  Chugoku  and  Kinki  districts. 
Another  large  zone  where  m  is  large,  is  the  Japan  Sea  along  the  Chidiu  district.    The  loca- 
tions of  the  various  districts  and  stations  are  shown  in  Fig.  5.    The  general  tendency  of 
Ute  distribution  of  m  have  been  found  to  coincide  with  the  regional  distribution  of  b-values 
which  were  published  previously  [3] .    The  distribution  of  log  k  parameter  is  shown  in  Fig. 
6. 

The  freqpiency  T  (in  years) ,  when  the  stations  ei^rience  a  maximum  displacement 
amplitude  in  a  certain  period,  %rare  calculated  using  the  values  of  m  and  log  k  as  follows t 
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Haealliag  that  Iq.  (1)  8hoi»  that  ths  wltbU  k  glvas  ttM  frttquanoy  of  th*  alKxdc  and 
thm  dl«pl«e«Mnt  aaplltiite  A  of  1  alcron  at  a  aartaln  statloDf  iibere  this  f  raquancy  is 
eenaidarad  to  ba  pcopoartional  to  the  sariod  of  the  obaarvation.   Under  audi  an 
the  value  of  k  for  the  period  of  T  yearn  can  be  eKtnqpolated  hr  ualng  the  folloelng 
fosnilaf 


lAere  k^^  Mean  the  value  of  log  k  for  61  aontha.  Thia 


Ibgk-ku  -t- log(UT/61) 


and  for  this  paper,  the  value  of  k  for  T  =  100  years  will  be  derived.     Examine  now  Fig,  7, 
which  shows  the  regional  distribution  of  the  frequency  when  the  maximum  displacement 
amplitudes  of  100  micron  are  expected  in  100  years.     Figs.   8la),  B{b)   and  8(c}   show  the 
regional  distribution  of  the  frequency,  when  the  inaximum  displacement  anplitude  will  ex- 
ceed 100,  1,000,  and  10,000  microns.    For  ingtanoe#  as  shomi  in  Fig.  BCaJ,  station  N«mro 
la  aiqpeeted  to  eiverleooe  2030  ground  viteatlona  with  a  waxinan  dieplacMienit  avlitnda  of 
■ore  than  100  aicronn  100  yearn*  irtii«h  la  about  20  tinea  in  one  year.   Slnilarly,  the  aaiMi 
atation  will  in  one  year*  eaperittsee  three  and  0.4  gveuad  vlbeatlone  with  a  mutimm  dle- 
plaoenant  anplitude  of  1*000  and  10*000  Kictona*  respectively. 

Concliwlons 

In  addition  to  the  eapectancy  maps  given  herein*  other  eaipectancy  naps*  aa  ahown  In 
Flg.a  9(b)*  <o),  and  <d)  have  been  developed  by  H.  KaeeauBl  14]*  X.  MuraMtau  [51  and  K. 
xanal  mt  al  [6] .   CSonparing  these  f Igurea  with  tlioee  praaented  hacelar  the  followiiig  trenda 
can  he  cooeludedi  (1)  although  the  data  waa  taken  frOB  different  perioda*  and  with 
different  accuraey*  Piga*  9(a)  *  (b)  and  (e)  show  a  tendenoy  in  that*  the  earth- 

quake danger  inereaaes  along  the  Pacific  coaat  of  the  lokkaido*  Voh^m  and  Kanto  dlatrlota. 
Thia  reflecta  the  general  pattern  of  aeianle  activity  in  and  around  Japan.   Bowever,  in  Pig, 
9(d)*  the  earthquake  danger  in  TOh^  district*  aepeara  lew»  (2)  As  sbom  in  Pig.  9 (a)* 
an  additional  area  wi^  high  earthqueke  danger  eppears  in  the  southern  part  of  Xjyuatan* 
(3)  high  valoaa  of       eartiiqnake  danger*  iriiieh  aeen  to  be  ebnomal*  oppeer  in  Aosttiri 
(li^-90cB),  Mcita  (A^-60ai)  and  Nagano  districts  as  shovn  in  Fig.  9(a| 

In  Fig.  10,  the  variables  N  vs  log  a  and  m  vs  log        are  plotted  for  three  stations,  in 
order  to  check  the  reason  for  these  abnormal  values.    With  regard  to  m  vs  log        at  Aomori 
and  Magano  stations,   the  values  of  m  increase  grad'aally  in  the  ranye  of  log  A=1.0  -  2.0 
and  are  approximately  constemt  for  the  log  A  greater  than  2.0.    As  waa  described  previously* 
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B  WBB  DBBSurad  at  all  atatioiw  In  th«  range  of  I09  A  -  1.0  -  2.0.    Tli«r«for«,  the  values 
of  n  ara  nadaxaatliiatad  at  these  two  stations.    As  seen  in  Bq.  (3),  an  ovesestiaated 
valve  of  A  is  derived  by  an  underestination  of  n,  idiich  is  why  A      is  obtained  at  Aonori 

UiiBLX 

and  Nagano.    In  the  ease  of  Akita,  however,  the  local  ground  eondltlon  should  be  taken 
into  account. 
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Table  1     Th*  Numbcx  of  DatM  Cards 


Y«ar 

Nuinber  of  Caids 

1967 

1M48 

1968 
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1969 

14.796 

1970 

11,71S 

1971 
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1972 
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397 

93 
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t» 
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99 
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01207 
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9479 

43S 
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Olio 
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0 
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1.749      0.007  9.990 

0299 

NIIGATA 

0} 

«?4 

171 

1  729 

0  080 

3  SI  9 

0.210 

(31 

57S 

446 

94 

1866 

0  119 

3.59  8 

OS06 

14J 

1911 

1683 

432 

1.7  62 

a087 

4.004 

a230 

(1) 

040 

990 

09 

9.009 

0.144 

4.011 

0999 

WAJIIU 

W 

OSS 

990 

71 

9.070 

0.140 

4.011 

Ol94» 

tH 

toi 

274 

to 

9.971 

fttll 

4.090 

0494 

HI 

loot 

1900 

109 

tlOO 

0.109 

4.490 

&999 

111 

1219 

983 

186 

1. 868 

0092 

3.907 

0.940 

TOKTO 

O) 

laot 

934 

17  3 

0  109 

3.  »4» 

0  274 

W 

»IS 

040 

117 

1.919 

0.10S 

3.002 

0  266 

w 

9»4t 

3909 

470 

I.OOO 

0100 

4909 

0  990 

T»bl«2 

Ssnplt* 

of  the 

ckl culated 

vkluta 

of  IB  taO 

l»g  k  »bO 

tkair  itnOarO 

dcvikt  koai  (i .  d)  »t  various  atctioD*. 

Nl.  N9  »m*  M9  rMpe«tlv*ly  mttmt  tk*  Mtal  atunbtr.  tli*  ana  bar  af  OaU 
•r  A»Maa4  al  AStZA.  Compaaaat  :>ftl  N-IW  B-W.  W  O-a 

(4)  raaaltaat 
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Pig.  1  (a)  Rdatlou  «r  N  vsnuc  log  A  and  m'veraus  Ixig  Aj  at  Hlkoae  nattoa 


Fig.  1  (b)  Rslatl«iia  of  N  veraua  1^  And  m  ,vtm*  tog  Aj  at  Okayama  atidoo 
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FIf.  2      RdtttomorNvnnMtoffAAndmwtrtiM  lof  A|ttTokyoMttloo 


.  •  •  V       *  ... 
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Fig.  3        Value*  of  m  or  log  k  obuined  from  three  componeius  and  trom  resultant 
•tatlons 
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Pig.  4  (a)   Regional  distribution  of  the  values  of  m 


Fig.  4  <b)   Regional  distrilmtloa  of  tbt  values  of  m  caceludlag  lumliable  valiwa  of 
less  thaa  1.$ 
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Loc«ti<M  of  sutioos  aod  itistrlcts  wbicb  appe^  in  the  present  paper 


Pig.  6       Rtgtoiial  distribution  of  die  valuee  of  l«!g  k 
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Pig.  a  (ft)  ftegtOMl  4iacriiMitlOft  of  the  frBquency  when  nwximuni  dlaplaoement 

amplitudei  of  larfsr  tlwQ  100  mlcTon  will  lie  obwrved  in  the  oommiQg 
100  years 
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Fig,  8  (b)  R^taoal  dlaizUiatiMi  of  tte  Cfaqutncy  ivten  maxlnwni  di«pl*ceiiieiit 

topUtudes  €t  lucgtt  diitt  1,000  mlciiMi  will  be  ol»er»Bd  In  the  commiiif 
ICOfeexe 
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Pif .  t  (c)  Rtgloaal  diMxIbutloii  of  dw  f sequency  who  mmlmiim  dtij^wment 

•aoplltiide*  flf  l«f|er  fhan  10,000  mlciM  will  be  cibaemd  !■  tin  oeminlBg 
100  yean 
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Fig.  9  1*)  RigioDsl  diiiribution  el  mAXinan 
ditplacameDt  Boipl  t  tnda*  (  x  10  en) 
1*1  ah  AT*  wp««t«i  t«  k*  •b««rv«4 

MM  «(  iwtt  la  th*  MMDiic  m 


Fif.  tM  CxpcctaDcy  map  o(  tbe 
■•xlmun  accalaratioa 
«a9llU4«a(Kal)  1«  Ht 
rMn.P«rlo4  of  »h«  «- 

«!•      -  m-  ma 

(tft«rH.XOTuMil|}0} 


Esp«etM«}^  map  of  tb* 
mMtniia  ralociiy  am- 

p  I  1 1  ud»3  (kint )  in  SU 
y«»r3. Period  of  the 
data  used  -  I8$8  ~  1W4 
(Altar  l.MiirABiftta«C4j> 


Fit.  914  k^pactaney  map  of  the  maxlaiaBi 
valaalty  aapi  Uadaa  al  aartk^- 
Mtk*  mtloaa  at  bed  raak  in  loO 
jTMrt. 

(Aftar  K.Kaaat  et 
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Fig.  10      Relations  of  N  versus  lag  A  and  m  versus  log  Aj  (N'S  component)  a( 
Aomorl,  Akiia  and  Nagano  stations 
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A  new  seismicity  index  is  proposed  in  this  paper.    Thia  index  is  defined  by  the 
following  equation; 


where,  N(M)   represents  the  number  of  shallow  earthquakes  with  M  >  6  which  have  occurred 
within  a  epicentral  distance  A  of  100  km  during  the  period  T(year).     Using  this  criterioa* 
seismicity  index  maps  in  or  near  Japan  for  two  different  periods  have  been  made. 

Application  of  this  index  indicates  that  a  remarkaiie  change  of        was  found  in 
southern  paurt  of  Boso  Peninsula  before  and  after  Great  Kanto  Earthquake  of  1923.  Therefore, 
in  the  field  of  earthquake  engineering «  thesa  aaiSBicity  index  maps  can  be  used  as  a  soaing 
map  of  earthquake  risk. 


A  <  100  km 


M  >  6 


Hmf  HsTdst    Bartbtuaka  DUtrlbutlonss  «pleaBtara|  Itapat  Sels^clty  Indeac. 
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Introduction 

Since  C.F.  Richter  (1)  defined  the  aagnitttde  scale  (H)  of  e8trtliq9akesr  each  eartliqueke 
hea  been  ooapared  with  each  otiter  quantitatively  by  Hdsnagnitude. 

Relative  comparisons  of  seienicities  anong  various  regions,  however,  have  never  been 
made  quantitatively «  theiefozer  an  attenpt  to  quantifying  the  seismici^  is  nade  in  thia 

etucly. 

Definition  of  Seiawicity  Scale 

Pig.  1  ahowa  epioentral  dietributione  of  3147  renariiable  and  moderate  earthquakes 
which  have  occurred  in  or  near  Japan  during  a  period  ftcn  1900  to  1950.    In  thia  figure*  the 
active  areaa  are  easily  seen  qualitatively,    if  we  add  the  epicenters  of  analler  earthquakes 

to  this  figure,  however,  the  outline  of  the  Japan  Islands  will  disappear  by  the  numbers  of 
dots  of  the  epicenters.     Therefore,  by  this  ordinary  method,  it  is  very  difficult  to  dis- 
tinguish between  active  and  nonactive  arc-as. 

riq.   2  shows  ancjther  method  ot  expressing  seismicity  by  using  different  marks  for 
different  magnitudes.     This  method,  however,  is  also  insufficient  to  distinguish  quanta- 
tiveiy  Che  seismicity  of  various  regions. 

Consider  the  following  seisioicity  index  S^,  which  is  defined  here  as  a  quantitatively 
seismicity  scale. 


whsrs  H(ll)  is  tlie  nunber  of  shallow  sarthq^skes  with  magnitude  greater  than  6  «Ucfa  have 
occurred  within  the  eplcentral  diatancM  of  100  kn  around  a  point.   Nhen  T  is  taken  as  100 
yeara,  we  shall  exprees  S  by  removing  the  suffix      and  call  the  S  as  tiie  "etandard 
seismicity  index". 

As  seen  in  Fig.  3,  world-wide  distributed  stations  can  detect  the  occurrences  of  all 
earthquakes  of  M  ^  6.     Therefore,  the  above  definition  aims    to  present  only  those  earth- 
quakes which  have  M  >_  6,  which  generally  cause  the  most  rlisaster.     The.  limitation  of  A  <^  100 
km  in  the  definition  of  seismicity  index       was  made  because  the  diameter  of  focal  region 
of  the  earthquake  of  M  '-8  is  almost  100  km  in  diameter.     Tsuboi's   (2]   result  also  shows 
that  the  diameter  of  the  earthquake  province  in  or  near  Japan  is  almost  250  km. 

Seismicity  Index       in  or  near  Japan 

A  value  of  S..,  oquril  to  S_.   at  735  points  in  or  near  Japan  centerinq  in  the  meshes  with 
0.5°  of  longitudes  and  laLiLudee  was  calculated  during  the  peritxi  of  1885  throufjh  1970. 
As  shown  m  Fig.   4,  the  total  number  of  earthquakes  measured  were  1296,  with  the  highest 
area  of  seismicity  index  equal  to  2.     This  means  that    earthquakes  of  intensites  ol  H  ^  6 
have  occurred  twice  or  more  in  a  year.    The  area,  with  an  index        at  0.2  ^Sgg>,  0.1, 
therefore #  represents  those  locations  where  earthquakes  have  the  same  magnitude  idiich 
have  taken  place  once  in  5  to  10  years.    Seismicity  regions  of  S^^  ^  2  is  twenty  tiaiea 
larger  than  that  of  the  region  of  s  .  ^0.1. 


A  <  100  kn 


M  >  6 


1^1-19 


Tkubol  [31  hM  ooadnotaa  slnllar  atvAlM  m  pMsentad  tMe«iii«  hom/^mr,  si«o*  HiginiUtfn, 
of  muHtqfMktm  in  or  noar  J«ip«A  w»r*  not  •uffieiantly  d«fia«d  at  that  tlM,  cf  kMwn 

•aythigpakM  wwn  iisod  liwt—fl  of  —gnitiklog.   Ittuboi  [3]  lodsx  was  oallad  '*PaMiva  MlaHl" 
oitr  index  niBlbar"  aa  in  alioini  in  Fig.  S.    fha  patterns  of  the  ocntovr  lines  an  land  as 
shorn  in  Vig.  4  end  rig.  S  exs  vecy  siailar  to  eadi  othar,  hoiraw  the  Indsices  *«o:^diffsir' 
ent  as  Shosn  in  Fig.  4,  th*  naan  fraqpiencqr  of  earthquakes  (H  <  6)  per  yeer  is  seen  clearly 
but  the  naan  fragneney  is  not  distingvished  in  Fig.  5. 

A  nap  of  seianleity  index  S.. (1926-1970)  after  the  Kanto  Great  BarthqaaXe  (1923)  is 
ahonn  in  Fig.  6*  whitfh  was  nade  in  order  to  aee  if  the  seianleity  index  cihanges  befsM  and 
after  that  Great  Bartiiquake.    A  markahle  differenoa  is  rsvealed  in  the  aoutham  Bono 
Peninsula  as  shoim  in  Fig.  4  and  Fig.  6.    In  thia  area«  the  aaianicity  indax  la  2  > i8-->  1 
aa  Shewn  in  Fig.  4,  while  the  value  is  S^^  <  0.1  as  shown  in  Pig.  6.    ThiB  naana  that  the 
aeianiclty  index  has  changed  to  a  value  of  1/10  of  that  of  the  total  interval  in  this  area* 
Danibara  [4]  has  made  a  cumulative  earthquake  energy  map  in  or  near  Japan  as  shown  in  Fig.  7» 
An  interesting  fact  in  examining  this  data  is  that  there  is  a  close  interrelation  between 
the  contour  lines  in  Fig.  6  and  the  darkness  in  Fig.  It  rias  also  been  pointed  out  by 

Mogi  [5]  and  Brunc  [6]  that  low  seisnicity  sanetines  appears  before  the  occurrence  o£  « 
great  earthqueike. 

Conclusions 

h  new  method  of  estimating  Qiantitttively  the  seismicity    is  proposed.     In  the  field  of 
earthquake  engineering,  soning  maps  for  earthquake  risk  have  been  determined  by  a  statisti- 
cal method  based  on  expected  acceleration  or  Intensity  in  various  areas.    The  seismicity 
index  maps  presented  in  the  present  paper  have  been  developed  without  considering  the 
expected  acceleiation  and  or   intenaity   in  various  areas.      They  have  been  made  only   to  re- 
present the  seismicity  in  various  areas  precisely  and  quantitatively.  The  new  seismicity 
index  loap,  however,  will  be  available  as  zoning  map  for  earthquake  risk. 

A  seisnicity  index  of  8^^  after  1923  reduced  to  about  i/io  of  s^^  after  188S  in  the 
area  of  aoutham  Boso  peninsulaf  wliixdi  is  an  area  of  high  density  earthquake  energy. 
The  ahove  reault  ahow  that  there  is  an  intareatlng  relationship  betaieen  tlie  ooourrsnoe  of 
large  earthgualMs  and  the  change  of  8^. 

In  the  fotura,  similar  sftisndeity  flnpa  tfill  be  developed  fbr  a  certain  nagnitnde 
rangea  and  the  uork  will  be  extended  to  aicroeartbguakes. 
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Fig.  1    Epicentres  of  3147  earthquakes  which  occurred  in 
or  near  Japan  iu  19U0  -  1950  (Felt  beyoad  200  km) 
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Fig.  2    Epicentral  disiribuiion  of  shallow  eurinquakes 
irtiich  occurzed  in  or  iie«x  fapu  In  i885  *•  1970. 
(M  >6.0) 


III-23 


Digrtized  by  Google 


4 


Fl(«  S   Eleccuxmce  curve  of  earthquakes  with 
various  ma^iitude  ot  OTthqmkea  in 
the  world  In  1968. 
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Fig.  S    The  map  of  Tasslve  telsmlcity  Index  auinter"  ^ 
(AfterC.Tsuboi  t31  ).  I 
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Fig.  6  Svtsmiclty  index  map  «t  S45  <1926  -  1970). 
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Fig.  7  AccumulatlgQ  of  eaxthquake  tOBtgf  In  or  near  Japan 
(After  Dambexa  |4]  ). 
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MSTRSCT 

13m  observation  of  strong-notloii  earthquakes,  located  at  harixMir,  public  woKks  and 
buildings  thxougbout  Japan  by  ttae  national  research  institute  has  been  Bade.    These  cbser* 
vations  vill  b«  discussed,  herein,  in  addition  to  su^  itens  as  the  naintenance  and  ctiedcs 
of  the  strong-notion  aocelerograpiis,  naln  records,  processing  and  analyses  of  records,  and 
the  availability  of  the  data  to  the  public. 

Key  Horde;    Accelerographs;  Earthquake  Data;  Bacthqueke  Records;  Field  Observations; 
Strong-motion  Accelerographs. 
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Intxodactlon 

1.    Hlstoxy  of  stxong'-nition  MurtliqiMdM  cl»««rv»tionfl  in  Jap«ii 

Th*  smc  tjtp^  Btrong-Botiott  «eoeI«xogri^  now  baing  u««d  in  J«p«n  and  in  oentr«l  and 
South  MMxioa,  SoutlMwt  iksiAr  and  Mlddla  and  Max  Baat,  waa  devalopad  hf  tha  Strooff-Motion 
BarUiqMaka  Oaaarvatlon  Oonid.tt««.    Iha  davalopaMait  of  tiiis  instrunant  raqplrod  2  yoara  and 
iraa  aiicpoctad  by  aoiance  research  funds  of  ttia  Ministry  of  Bdocation  in  1950.    The  inatru- 
nent  haa  been  i«pioved  since  then  and  ia  more  suitable  to  Japanese  dlMite  in  the  teaistance 
against  moisture,  cold,  etc. 

In  October,  1953  after  completion  of  the  strong-motion  accclcrcgraph,   the  ResourceD 
Council,  Prime  Minister's  Office  recommended  the  following  to  the  prime  ninistcr;   "to  secure 
the  sourt:<«  of  necftnsriiy  tev'.!nnt?  and  tn  inprove  the  setup  and  cDn.sd  irlat  iori  rif  the  neL-essary 
Strong-motion  earUiqua>.e  obsexvatioa  netwoik  and  to  establi-';>i  a  system  requir<^(i  for  it.s 
operation,  in  approxintritely  3  years,"  anf!  fnrther  recoram+^ndH>]  m  January,  1»55  that  4>«x«iaj»- 
ent  station  plan  o£  strong-motio;i  accelerographs    be  est<iblished. 

Later,  in  view  of  the  disaster  caused  by  the  Niigata  Earthquake  i-  1964 »  the  Science 
Council  of  Japan  recosmended  to  the  prime  ninister  in  November,  of  that  same  year;  execute 
n  concentrated  set  of  etetiona  to  itteaaare  atrong-MotioA  earthquakeB" .  ihia  recooBMndation 
naked  for  atations  at  every  50  km  througbout  the  country,  thus  providing  one  yardstick  for 
observation  densll^.  Further  in  October,  1971 »  the  Science  Council  of  Japan  requeeted  tlie 
prijae  sinister  to  e»aalne  the  previous  i  ei/n—sndaHiJiia ,  given  earlier. 

Frcai  1953  to  the  end  of  llarch#  1974f  about  850  strong-notion  aecelerograpiia  were  In^ 
stalled.   When  the  observations  were  started*  the  eoanunication  among  the  observation  ageaey 
and  the  piiblicity  service  were  perfotnad  by  the  Strong-Motion  Barthguake  Observation 
Oonsiittee*  Which  is  controlled  by  the  Investigation  Board  of  Reaources,  Prime  Minister's 
Office.    In  Deoasberf  1956#  the  controlling  autiiority  of  the  Ooasdttee  was  transferred  to 
Barthquake  Beeearch  institute,  university  of  Tokyo*    In  1960,  the  principal  strongs-motion 
earthquake  records  wer^  published  by  the  Committee. 

The  number  of  SMAC  strong-motion  accelerographs,  installed  after  the  Niigata  EarthquaJc* 
increased  suddenly  in  comparison  with  previous  installations,  and  thus  it  is  difficult  for 
the  Strong-Motion  Barthquake  Observation  Coraroltte*?  to  examine  these.     In  this  situation,  the 
Liaison  Conference  for  Promotion  of  Strong  Motion  Earthg'-:;jVn  Observation  Prtrject  coitipriiiin(3 
concerned  government  offices,  heads  of  concerned  agencies  and  specialists,  was  established  in 
tl»e  National  Research  Center  for  DisaEter  Prtsveiitron,  Science  and  Technology  Agency.  The 
conference  group  decided  to  be  responsible  for  coneunication  and  coordination  of  the  nation- 
wide proBBtion  of  the  strong-motion  earthquake  obaervation  project.    The  cmifersnce  partici' 
pants  analysed  the  present  state  of  stationary  atrong-notion  accelerographs,  and  disensaed 
how  to  increase  the  observation  networi(»  and  at  the  same  time  provided  a  poblici^  servloe 
for  collection  of  the  principal  records.    In  February*  1972,  the  group  arranged  and  pUbllahad 
their  qpiniona  regarding  the  laiproveaMmt  of  the  obaervation  network.    According  to  the 
publications*  thay  proposed  to  establish  2*141  strong-action  accelerograph 
atations  ttucoughout  tb»  country,   nterefore*  even  if  all  the  strong^motion  accelerographs 
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pceacatly  inataUad  axe  oonsid«r«d  ta  b«  effectlviely  pperating*  installation  of  about  1,300 
additional  strong-aotioii  aocelacographa  ia  necaaaary. 

2.    Macesaity  to  strangtlian  and  anlarga  tha  atrongmtion  aarthqaake  obaacvatien 
natMDck* 

lha  atrong  notion  aartliqoaka  obaaxvationa  atatad  haraln,  rafara  to  tha  ■aaaaraamit  of 
aeoalaxation  aaplltuda  wavafOxoa  cauaad  by  traomrs  of  tha  ground  and  stxucturaa  at  tba  tina 
of  a  atxong-OM»tlen  aactbqoaka.   Sudi  naaauxaMenta  iralata  to  tba  reading  of  tba  maaaurad 
waveforaa,  and  to  the  primary  analysaa  of  tba  nagnituda  of  tba  aeealaration  aaplitada, 
periodical  diaractariatic  of  the  waveforms .  etc. 

Strong-motion  earthqueike  obaervations  and  the  subsequent 
walyses  of  the  magnitude  of  the  acceleration  amplitude  and  the  periodical  characteriatic 
of  the  waveforms    has    resulted    in    relationships  between 

the  magnitude  of  the  earthquake,  epicenter  distance,  seismic  center  depth,  topograpby, 
geology,  scales,  construction,  and  material    of  the  structures. 

The  analytical  results  of  the  strong-motion  eartliquake  observations  give  quantitative 
information  and  thus  will  pemit  an  establishment  of  countermeasures  for  the  earthquake 
disaster  prevention  for  tuwii  region  of  the  country  and  for  type  of  soil.    It  further 
rationalizes  the   seismic    design  of  structiires  built  on  the  ground,  and  moreover  ration- 
aliaaa  the  aseisnatic  deaign  of  tbe  atnietttraa  iritich  grow  diverae,  nassive*  and  ooaiplexr 
conatdarably  conftrihatiag  to  aafa  and  aeeaenioal  oenatxuctiona  of  tiiaaa  •traotaaraa.  nn 
axaapla  of  audi  a  bi^ly  danaa  oetMoxk,  for  aeaauring  atrong-aotion  eartitquakaa,  baa  be«i 
astabliBhad  around  Loa  AngalaSf  California*  08A.  ihaae  obaervationa  ware  initiated  in  1992* 
and  hava  since  obtained  250  stsong-mtion  acoelerograpbs  records  prior  to  tbe  1971  Los 
Angeles  Bartbqoake. 

in  tbia  oomtcy,  strong-iiDtien  earthquake  observations  were  initiated  in  Marebr  1953 1 
Khan  a  atsong-Mtion  aooaXavograiib  (SittC  type)  made  in  Japan*  was  installed  in  the  Barth- 
quake  Reaeardi  Znatitttta«  OAlvasaity  of  Tolqro.    Since  then*  various  univeraitiea*  90vam<- 
aant  agenoiea*  and  varloua  private  groupa  have  cooperated  in  the  enlargeawnt  and  atrengtban- 
ing  of  tha  atrong^Botion  earthquake  obaarvation  network,    rinally  at  tba  and  of  March,  1974* 
the  total  n«Bl>er  of  Sine  stxcog-notioB  accalMcogrvha  atatloned  tiixougbout  Japan  was  about 
850,  and  tliough  not  reaching  -Hie  required  denaii^. 

Vhe  Sttengthaning  and  enlargement  of  tite  atrong-motion  earthquetke  observation  network 
is  naoatsaxy  in  order  to  achieve  the  aim  describad  previously,  thus  it  is  still  desirable 
to  increaaa  tbe  denai^  of  tbia  atill  aEMurae  cibaervation  network. 

gtrong^Wotion  aaxthquaka  qbaaxvationa  in  Porta  and  Barboura 
1.   Preaent  atata  of  tbe  cbaervation  netnoxk 

Ihe  atrong-aotion  earthquake  obaexvationa  of  port  and  harbour  araaa  in  Japan,  have  been 
executed  ainoe  1962  umder  tte  cooperation  of  Port  and  Harbour  Research  Inatitute  and  varioua 

agencies  concezned  with  porta  and  hzurbours.    This  has  been  executed  under  an  agreement 
initiated  by  a  reseeurch  group  consisting  of  the  Port  and  Harbour  Bureau  of  Ministry  of 
Transport,   respective  District  Port  Construction  Bureaus,   Port  and  Harbour  Research  Insti- 
tute, and  other  concerned  agencies.    As  of  December,  1974,  the  observation  network  consists 
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of  65  stzong-SOtion  accelerographs,  installed  at  44  poxte.    Piguc*  2-1  shows  the  loctttiOM 

of  the  ports  and  harbours,  where  the  strong-motion  accelero<yr aphs  are  installed.  Figxxrm 
2-2  shows  the  number  of  installed  accelerographs  per  year.     There  are  2  types  of  strong- 
motion  accelerographs  that  used  in  observation  network:     one  was  a  S.MAC-B^  strong-motion 
accelerograph  and  the  other  a  ERS  strong-motion  acce lerograph .     The  description  of  the 
SMAC-B  has  been  reported  previously  (2-1) .     The  ERC  strong-motion  ticcelerograph  is  an 
accelerograph  with  a  moving  type  coil  transducer,  which  i<;  available  as  Type  A  with  a  mag- 
netic tape  recorder/  and  as  Tape  H  or  C  with  an  elactromaqnotic  oscillicgraph .     iVP^s  A  and 
B  record  2  horizontal  components,  and  Type  C  records  2  horizontal  components  and  a  vortical 
cooponent.    The  ERS  strong-motion  accelerograph  can  be  used  with  the  transducer  and  the 
reocwder.   This  pcovldeB  «a  advaiktagef  for  «l»eervltig  the  earthquake  reqpoAse  of  port  saA 
harbour  atruotnreB  In  which  •txaog-iKitloii  accelerograph  roooa  are  ii^osslble  to  nake. 

2.  Maiiiteiianoa  and  cheek  of  etcongHHOtion  aocelerografha 

the  stzong'mtloQ  acoelexographSf  installed  in  port  and  harbour  areas  are  Maintained 
by  the  oonstruetion  woxk  offioeSf  etc.  at  tiie  respective  ports,    the  staff  in  charge  of  the 
■aintenanee  and  cheek  of  the  stcong-wotion  accelerographs  (nomally  the  staff  tot  pulblic 
works)  axe  assigned  to  conduct  periodical  checks  (twice  a  month)  and  to  peeforw  epeclal 
obetiks  after  the  cccurrwioe  of  earthqiiakes  of  II  or  more  in  the  earthquake  intensi^  scale 
of  Meteorological  Agency. 

Also,  once  or  twice  a  year*  a  detailed  check  is  made  by  the  nanufacturer  engineers  of 
tibe  strong-notion  aoeelerographs.    In  addition!  the  Port  and  Harbour  Reseacdi  Institute  eon- 
duets  training  of  the  staff  in  ^uuege  of  operatiODs»  every  year,    the  training  is  practical* 
and  relates  to  handliiig  of  the  strong-notion  accelerographs  by  the  engineers  dlqistclhed 
from  the  manufacturers  of  the  strong-motion  accolcroqraphs .    a  strong-motion  accelerograph 
is  initiated  when  the  starter  senses  the  tremors  of  magnitude  50  to  10  gals.     When  a  strong 
motion  accelerograph  does  not  start  at  the  time  of  an  earthquake,  it  is  difficult  to  judge 
whether  the  tremors  were  too  small  or  there  was  failure  of  the  accelerograph.     For  this 
reason,  a  strict  acquisition  rate  of  records  cannot  be  shown.     However,  what  will  be  intro- 
duced is  a  case  to  show  the  record  acquisition  state  of  the  observation  network.     At  the 
time  of  the  Tokachi-Oki  Earthquake  in  1968,  15  strong-motion  accelerographs  locatsd  in  the 
ports  and  harbours  of  Boldcaido,  and  Toboku  district  recorded  the  trenors.   only  one 
aooelexograiph  did  not  recoocd!  due  to  its  own  failure. 

3.  Principal  records 

Ffeon  thoso  records  obtained  by  tlie  stroog-notian  earthquake  observations  in  port  and 
badboiar  areas*  tiiose  «tceedlng  about  100  gals  in  the  naxisun  acceleration  ate  shown  in 
Table  2-1  and  are  olassified  by  each  observation  point.    As  an  exanple  of  recorded  wave- 
foms«  tiie  record  of  the  tokadii-Oki  Earthquake  in  1968  at  Hacfainohe  Port  is  shown  in  Fig. 
2-3. 

4.  Processing  of  recmrdA 
a)  Storage  of  records 

All  the  records  cbtainsd  at  the  respective  observation  points*  are  sent  to  the 
Port  end  Barbour  Sasoaroh  Institute,  to  be  catalogued  and  stored.    Copies  Of 
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rwoasds  arc  also  s«nt  to  the  re^ective  tibs«rvation  points.    The  rsoords  ac- 
quired are  classified  for  each  earthquake  every  2  aontha,  and  with  a  "Stromg- 
Notlon  Earthquake  Observation  Table"  showing  the  iWHCtmnm  acceleration  of  each 
ooBponent  of  the  respective  records,  which  are  sent  to  the  parties  eoocemed. 
b)  Digitisation  of  records 

For  those  reoocds  irtiich  were  obtained  on  the  ground  and  aaceed  50  gala  in  saati- 
mm  acceleration,  the  horisontal  canpooents  are  digitised. 
Ihe  rMord  br  an  SHAiC^Bj  strong^notion  accelerograsih  is  copied  by  contact  printing  on 
l^lar-based  sensitive  paper,  and  is  digitised  fay  a  seai-autamtle  dlgitiser.    Ihe  digitiaer 
places  a  cursor  on  the  position  reqiiiring  digitisation #  coordinate  values  are  then  punched 
on  a  paper  tape  hy  pressing  a  switch.    Ihe  tine  intervals  used  during  the  diqitization,  are 
0.01  sec.    The  nuii»rical  values  whitih  were  punched  on  the  paper  tape  are  then  read  by  an 
electronic  computer,  and  reproduced  as  waveforms  by  a  graphic  output  unit  in  order  to  con- 
firm that  the  readings  were  correct.     Any  errors  noticed  are  then  corrected.     The  corrected 
records  provide  eunplitude  values  at  unequal  time  intervals,  and  are  converted  into  amplitude 
values  at  the  equal  tirr.e  intervals  of  0.01  sec  hy  interpolation,   and  are  then  recorded  on 
magnetic  tape.     In  principle,  the  zero-line  is  not  corrected,  however  when  the  zero-line  is 
not  properly  inserted  for  those  waveforms  reproduced  by  the  graphic  output  unit,  the 
digitization  is  re-evaluatcd .     }!owever,   if  time  is  not  available  because  of  the  many  records 
to  be  processed,  the  waveforms  are  enl2u:gcd  by  the  graphic  output  unit,  in  order  to  deter- 
mine the  corrective  anount  ot  the  zero- line  position,  for  correction  in  the  electronic  ooui- 
puter. 

Ihe  records  f rcsi  the  BBS-B/C  strong-notion  accelerograph  is  digitixsd  using  a  different 
dlgitiser  than  that  used  for  the  SMKC^Bj  strong-motion  accelerograph.   This  digitiser  is 
interlocked  with  a  ooncnttnr  and  if  an  operator  moves  the  cursor  along  the  recorded  wavefcesBb 
an  aeplitnde  value  is  stored  in  the  cosputer  ea^  time  the  cursor  moves  0.1  mt  along  the 
time  base. 

After  end  of  digitisation,  the  nusterieal  values  stored  in  the  ocmputer  are  reproduced 
by  a  digital^to-analogue  converter  as  an  analogue  voltage  idiich  are  recorded  by  a  pen- 
writing  oscillograph.   After  conformation  that  the  recorded  ifaveforms  have  been  correctly 
digitised,  numerical  values  are  pundhed  to  the  paper  tape,    ih^r  are  tiien  read  by  another 
ocsputer«  and  recorded  on  magnetic  tape  together  with  the  records  of  the  smOB  strong- 
motion  aocelerographs. 

No  corrections  are  made,  to  the  ERC-B/C  strong-motion  accelwograph  records.  The 
mlnimtim  time  intervals  for  diqiti^.ation ,    relate  to  the  i  ccordinq  pap^r  r<_»etl  rates  of  the 
respective  strong-motion  accelerographs .     These  rates  are  0.00  5  sec.   for  lype  B  and  0.0025 
sec.  for  Type  C.     However,   the  records  which  are  stored  on  the  magnetic  tape,  have  the  same 
time  intervals  as  those  of  SMAC-U  strong-notion  accelerograph.     it  was  experimentally  con- 
firmed, that  the  digitization  of  the  ERC-B/C  strong-motion  accelerograph  records,  could  be 
reproduced  with  an  accuracy  which  causes  no  viewing  difficulty  for  practical  use. 
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for  all  tiw  digltliad  zmaatOg,  ttia  XMfpcMiM  qpactza  and  Vourlar  apaotra  ar« 
oaloolatad.    Othar  varlooa  apaotra  ata  calculatad  aooocdliig  to  naoaasity. 
5.    Cpaiiiiig  of  data 

Tha  racords  obtaload  by  tha  strong-voitloB  aarthgnalra  obaarvationa  ia  port  ani 
araas,  are  pobllahad  In  tha  "JUmnal  Maport  on  Strong  Motion  Barthqaaka  Raoocda  in 

2-2) 

Ports"         .    The  annual  report  covers  the  UTimmn  acceleration  of  each  ooaponant  of  every 


record,  the  seismic  oentar  location,  magnitude,  seisaic  Intensity  at  the  rovpactive  location 
for  the  earthqueUce  corresponding  to  each  record.    Moreover,  the  ground  recordings  for  tho«a 
with  accelerations  of  20  qals  or  greater    have  their  -  ivefortns  reproduced,  and  for  those 
with  maximum  accelerations  of  50  gals  or  greater  have  their  mvefonu  digitised  witb  res- 
ponse spectra  and  Fourier  spectra  provided. 

2-2) 

The  r"^iished  annual  reports  extended  from  1963  to  1974         .    Also  the  record  of  the 

2-3) 

Tokachi-Oki  Earthquake  in  1968,  has  been  published  «;pnarately 

The  data  where  each  strong-motion  accelerograph  has  been  installed,  are  published  as 

"Site  Characteristics  of  Strong  Motion  Earthquake  Stations  in  Ports  and  Harbours  in  Japan" 
3*5  2*6) 

'       '         .    The  data  at  these  observation  pointSr  covers  the  geograj^cal  features 
«bere  the  inatallatlena  ana  located  madh  as  ttia  oonflgtiratlans  of  tha  buildings »  fouddntlona 
of  tha  atrang-n»tic»  aooalarographs,  design  draailnga  of  tbm  strong-notion  aarthqnalei 
vation  rocBHr  wid  aoil  hiatograna.    the  raaulta  of  tliasa  obaarvntions  are  givan  in  thm 


annual  report  as  in  the  analytical  results  Budi  as  avaraga  re^ponae  ^ectra  and 
traaor  ctazaetaristica  of  the  ground  . 

strong-Motion  Earthquake  Observations  at  the  Public  Works  Research  Institute 
1.    History  of  strong-notion  earthquake  enervations  at  Che  Mbllo  Macks 
Znstitute 

Tha  strong  notion  aarthquaka  oba«rvntions  at  tha  Public  Worka  Rasaandi  Institute » 
initiated  in  1957  whan  an  SMC  typ*  Strong-votlon  aocelerogrwh  and  an  alaetroBHignatio 
strong^notlon  acoalarograph  *«re  inatallad  In  Xlhki  Raglonal  Oonatruotion  Buraan. 
years  later*  at  the  end  of  Nsrdi*  1974  a  total  of  189  strong-notion  aooalerograph 
atallad  for  the  public  works  f acilitiaa  using  tha  raaaarcdi  fnnda  of  the  Pvlblio  Nocks 
Institute  end  -funds  fcos  various  civil  englnssKlng  oonstruction  projects. 

Ihis  report  describes  the  histoizy#  systaa  and  future  pronotion  of  atrong-notion 
quaks  obsarvntions  at  the  Public  Works  Kaaaarch  Inatitata»  and  rafera  to  the  entire  nation 
and  Hinistry  of  Oonstruction  projects  and  thair  inter-'relationdhip. 
3.    Progress  Of  the  strong-notion  earthgnake  observations 
a)  Observation  stations 

The  strong-motion  earthquake  observations,  at  the  civil  engineering  work  faci- 
lities such  as  bridges,  dams,  embankments  and  tunnels  are  executed  under  the 
cooperation  of  various  agencies.     These  agencies  consist  of  the  Public  Works 
Institute,  Regional  Construction  Bureaus,   local  governments   (Civil  Engineeriing 
Works  Department,  Board  of  Project) ,  4  public  csorporationa  concerned  with 
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civil  engineering  vorks*  and  the  Hokkaido  Oevelopnent  Agency.    Since  the  cfbser- 
vati<in8  were  started  in  1957*  with  the  use  of  an  electromagnetic  type  stxong- 
Botion  aTCalerographs  at  the  Sarutanl  Dm  in  the  Klnki  Regional  Gonstructlon 
Bureau,  additional  obaervation  stations  have  increased  gradually.    Since  the 
Miigata  Earthquake  in  1964 #  the  installation  of  additional  etxcngnotion 
accelerographs  was  promoted  and  increased  by  notification  of  the  Directmr  of 
the  Road  Bureau.    At  the  end  of  Marchf  1974,  189  SMKC  type  etxang^^notion 
accelerographs  were  installed  at  96  stations  and  electromagnetic  type  strong- 
motion  accelerographs  with  448  components,  were  installed  at  48  Stations.  The 
locations  of  the  observation  stations  of  the  smc  type  strong»4ioticin  acoelerO' 
graphs  and  the  electromagnetic  type  strong  motion  accelerographs  are  shown  in 
Fiq"?.  "i-l  and  3-2.     The  number  of  installed  accelerographs  per  year,  are 
shown  in  Table  3-1,  and  the  numbers  o£  installed  accelerographs  per  str\u;tursl 
type  are  sho^n  in  Table  3-2. 

b)  Strong-nxition  accelerographs 

The  strong-motion  accelerographs  used  for  obaeivation  are  the  SMAC  type 
strony-(!>otion  acceiero jra^  i.s  and  electromagnetic  type  strong -mot ion  accelero- 
graphs, with  the  SMAC  type,  especially  Type  B^,  used  predominantly.  Hbueverf 
recmtly,  lype      and  Type  Q,  which  allows  one  to  neasure  the  coniponents  in  a 
shorter  period  than  permitted  by  Type  B^t  were  installed.    The  electrcnagnetic 
type  strong-motion  accelercgraph  uses  an  electrcmagnetic  method  for  the  trans- 
ducer,   and  an  electrcmagnetic  oscillograph  or  magnetic  recorder  for  the  re- 
corder.   In  using  a  transducer  for  the  strong-notion  accelexograph*  the  moving 
coil  type  accelerometer    is  used  most  often,  variations  of  the  transducer  in 
size  and  weight,  is  considered  dependent  on  the  installation  location  and  where 
the  SMWC  type  strong-notion  accelerograph  cannot  be  installed.  Recently, 
observations  of  seismic  tremors  in  the  ground  under  the  eurface  of  the  ground 
have  been  executed.    At  present  sudi  observations,  by  the  electrcnagnetic  type 
aocelerogrepfas,  have  been  made  at  15  stations  (149  components}  out  of  48 
stations.    The  number  of  neasxiriag  oonpanents  and  units  used  of  each  electro^ 
magnetic  type  strong-notion  accelerograph  differ  according  to  each  station. 

c)  o};H«rved  records 

The  records  obtained  from  the  initiation  of  the  observations  until  the  present 
consist  of  about  3,817  Sheets  (including  869  Sheets  for  the  Matsushiro  Earth- 
quake Swarm) as  recorded  by  the  SMAC  type  strong-motion  accelerographs,  and 
about  210  Shetita  by  the  electromagnetic  type  strong-motion  accelerographs. 
Mof?t  of  t.hf>  records  listed  values  of  less  than  100  cals,  and  the  number  of 
records  of  100  gals  or  more  were  about  77   (including  about  30  records  for  the 
Matsushiro  Earthquake  Swarm)  as  shown  in  Table  3-3.    The  largest  recorded 
wavefbms  obtained  to  date  were  from  tMajljna  City,  Shine  Pref . ,  which  had  a 
maxlmnn  acceleration  of  438  gals,  with  the  wavefoms  as  shown  in  Pigs.  3-3  and 
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3.  ObMrvBtlon  mtpiiork 

The  stxoBg-aotlon  aoMlttiograiilia  was  installed  accoidlii?  to  the  public  works  con- 
atruction  sites.    Since  the  past  several  years /  the  increase  in  the  number  of  installed 
accelerographs  has  shown  a  tendency  toward  an  uneven  distribution  in  specific  areas,  thla 
then  shows  what  areas  need  accelerographs  installed.     The  ideal  plan,  for  stationing 
strong-motion  accelerographs,  is  to  obtain  a  record  in  the  adjacent  area  of  the  epicenter 
when  an  eaxthqvuUce  with  v  or  more  seismic  intensity  (JMA)  occurs  in  any  part  of  Japan.  "Shm 
present  status,  however,  nakeg  it  iopossible  to  approach  these  ideal  conditions    in  the 
near  future.    Therefore,  the  following  network  has  been  drafted  to  promote  a  strong -motion 
earthquake  observation  project. 

Vha  MtMork  lAvolwas  tha  litatallation  during  tha  naxt  flva  yaars  (1975-1979) ,  and  to 
liwtall  otiMKS  aoaotdlng  to  naoaaalty.    Tha  natafozk  plan  vaa  draftad  par  tha  followiflig 
condition* t 

(1)  Ilia  antlra  land  area  of  Jtgan  should  ba  coverad  with  258  aqullataral  triangla 
Msshas  (ona  slda  is  about  50  ka)  r  for  tha  stationing  at  laast  1  obaarvatlon  atation  la 

1  MSh. 

(2)  Oovaring  all  tha  aeshes  in  Japan*  unlfomly  vith  axtrsM  ursancy. 

(3)  At  laast  ona  each*  at  tha  top  and  botton  of  a  atructura.  with  a  total  of  two 
satSf  should  be  lastallad  at  ona  observation  atation. 

(4)  OonsideratioQ  of  those  installed  strong-notion  accelerographs*  fron  other  nlnis- 
trles*  should  be  takm  intp  eonsideration. 

In  order  to  datemlna  tlia  total  nubar  of  atrong-B»tiaa  aocalerographa  to  be  tnatallad 
in  the  future,  the  present  stationing  state  waa  inveatlgated  as  shoim  in  Fig.  3-5.  The 

■ashes,  without  strong-motion  accelerographs  can  be  selected  as  dark  meshes  shown  in  Fig. 
3-6,  and  where,   146  stations   (292  sets)   require  installation.     The  complete  installation  ig 
planned  for  completion  in  the  latter  3  years  of  the  five-year  project,    ttim  draft  of  the 
network  is  still  under  adjustment  with  the  sponsoring  organizations. 

4.  Checks  and  collection  of  records 

The  maintenance  and  control  of  the  strong-motion  accelerographs,  related  to  the 
civil  engineering  works  facilities,  have  been  executed  by  the  notification  from  the  Director 
of  the  Roetds  Bureau  and  the  Director  of  the  River  Bureau   Hs&q  notifications  were  deliveree 
in  April,  1970*  and  have  been  institntsd  by  the  offices  controlling  the  fecilities  In 
«d)ich  the  strongs-motion  aooelerograpba  were  Installed.    Bxamination  of  the  atrong-aotion 
accelarogravhs  involve  periodio  ebe^  and  i^olal  dMcks  by  the  staffs  of  reepeetive 
offioes.   Also  teeftinioal  Steaks  by  aipseial  engineers  i  of  the  nanofacturers  of  the  strong- 
notion  accelerographs*  have  been  nada. 

a)  feriodio  ohaok 

A  check  of  the  eqoipnent  haa  been  oooduoted  every  2  weeks*  in  order  to  oonfim 
-tiie  preparedness  of  the  eq^ipnent 

b)  special  dteok 

Hhen  there  is  an  earthcpuke  of  IZ  or  nore  on  the  aeistmic  intensity  of  JMA*  In 
the  neighborhood  of  the  cboervation  station  *  a  special  shock  is 

iv-a 


Digitized  by  Google 


condvicted  to  collect  a.  record. 

c)  Technical  check 

This  check  is  conducted,  by  a  special  engineer  of  the  manufacturer  of  the  strong- 
itiotion  accelero9>rdphr  once  or  twice  a  year. 
5.     Collection,  storage,  analyses  and  publication  of  the  records 

All  the  seismic  records  obtained  at  the  respective  observation  stations  are  mail  ad  to 
tiie  Public  Works  Research  Institute  for  arrangement  and  storage.    The  arrangnent  and 
UAlysing  wozlc  of  Htm  MlnLe  data  and  zaooxda   ara  paxCormad  baaad  oa  ilia  flowabart  aa 
Aomh  In  PI9.  3-7.   Mian  tha  raooids  ara  ebtainad,  tlieaa  with  a  maiflawM  aooalax«U.oii  of  .50  gals 
or  aora  axa  digitisod.    Tho  dl9ltlaatian  ia  parfoxaad  by  uae  of  a  aani-autonwtio  digitiaar* 
aoeordlng  to  tha  fXawehart  aa  shMOR  la  Fig.  3*8.    Vha  zaaolvtion  of  tba  digitiaar  la  25 
■leroM,  and  tb»  ovarall  praolsioin  la  0*125  on.   Hm  digitised  racocds  ara  avbjaotad  to  a 
olcetilar  eorraetlon  <la  eaae  of  SNKC-Bj)  *  a  saro-llna  oonraetion  and  a  tiaa  baaa  eorzactlon 
by  an  alaotxonio  coaputar.   iha  data  la  oonvartad  Into  nunarleal  valnas  at  0*01  sac*  Intar- 
▼alBr  by  llnaar  Intarpolatlon.   Alao  davalpped  fron  tha  vavafom  analyaaa*  axa  autoooKrala- 
tlon  ooafflcianta,  Foud^r  ispactra,  powar  ^aetra  and  varioua  ra^ionaa  npaotra  tdiidh  aza 
dlgltlaad  and  ia  fuzthar  parocaaaad  for  graphic  output  unit. 

flia  publication  of  tlia  cbaaxvatlon  data  and  Vbm  atrong-notion  aarthqoaka  raoorda, 
ara  puiblialMd  avazy  yaaz.   lha  raoordad  wavafozM  of  tha  pravious  year  aza  copied  in  full- 
scale,  and  arranged  In  OTdar  to  give  of  the  various  contrast  seismic  values.    The  tables  of 
the  numerical  values  are  also  published,  when  a  predetermined  volume  of  data  is  acctrotulated. 
The  data  published  to  date  are  contained  in  12  books  (references  3-1  to  3-6,   3-9,  3-11,  3-13, 
3-16,  3-17)  for  strong-motion  earthquake  records  and  5  books  (3-7,  3-8,  3-i4  and  3-15)  for 
tabular  numerical  values. 

Stzono-Motlon  Barttwttake  cbearvatione  at  the  Buildinf^  Beaeardh  matitute 

1.    Rlatozy  of  atzong-notlon  aarthquaka  cbaarvaticna*  coneaznad  with  building 
In  1954,  a  etrong-notloa  accalarograph  lypa  8lliliC-Ji»  was  inatallad  at  the  Building 
Rasaazclt  Institute  by  the  Director  of  Housing  Bureau,  Ministry  of  Construction.    The  ob- 
servation network,  close  to  the  number  of  present  strong-motion  accelerographs,  was  then 
formed  in  the  1960s.    The  types  of  strong-motion  accelerographs  that  were  installed,  were 
Type  SMAC-A,  Type  DC  developed  jointly  with  the  Research  Institute,  and  Typos  SMAC-Bj^  and 
SMAC-Bj,  inyproved  version  of  SMAC-A.     Since  the  initially  installed  SMAC-A  type  became 
supersedftd,    the  SHAC-M  type  was  intended  for  complete  automation  and  digitization    by  the 
2nd  joint  development  with  the  Research  Institute.    This  type  has  been  used  since  1973  as  a 
•trong-amtion  aocelcrograph.     In  1974,  the  D<^il«  observation  netMork,  comprising  several 
atrong  notlan  aocalarographs  ooHooly  called  "caravan"  waa  initiated  far  inatallation. 
ihia  ia  to  be  preferably  inatallad  for  a  period  of  aeveral  yaara  in  tha  place  noat  lUcaly 
to  be  aubjeotad  to  atroag^Botion  aerthquakee   aoeordlng  to  iJam  infozaatlca  relating  to  tiia 
prediction  of  aarthquakaa.   Alao,  if  tha  intended  atrong-moticn  record  can  be  ebtainad#  it 
ia  to  be  novad  to  tha  next  place  with  hi^  earthqoaka  occurrence  pzoibabililgr.    In  the 
building  field,  the  Barthq^aka  Baaaarcfh  Inatitute   of  tha  Ohivarai^  of  Tokyo  haa  bean 
parfocaing  atrong-Boticn  aartiiquake  cbaarvaticna  together  with  thia  reaaarch  inatitute. 


Howttvsr,  in  osder  to  aaiiitaln  the  Inereased  nunber  of  installed  strong-notion  accelarogzagliaf 
the  National  Research  Center  for  Disaster  Prevention  and  the  Science  and  T^dwology  Agency 
have  shared  &  part  of  the  obeervation  network.    The  strong-motion  accelerogxj^hs  related 

to  buildings    are  prlnarily  installed  in  the  multistory  structures  with  45  m  or  more 
hciqht     these  building:;  are  constructed  by  special  permission  of  the  Minister  of  Construc- 
tion    according  to  the  stipulations  of  Article  38  of  the  Buildinij  Standard  Law.     The  number 
of  installed  stronq-motion  accolcrographs     of  this  kind     has  sharply  increased  in  accordanca 
with  the  increase  of  construction  of  multistory  buildings  as  shown   ld  Fiy.   4-1.  However, 
the  maintenance  and  control  capacity  of  the  Building  Research  Institute    Earthquake  Research 
Institute  of  University  of  Tokyo,  the  National  Research  Center  for  Disaiitex  rrevantion,  and 
parts  of  private  and  public  corporation,  are  beyond  their  capacity. 

2.  Present  state  of  strong-notion  eaxtliquftke  cbservation  netiioxk  related  to  buildings 
The  Building  Beeeareh  mstitute   installs  strong-notion  aocelerographs  about  every 

100  km  along  the  ooasts  throu^iout  Jajpan.    These  installations  are  aalaly  In  the  nei^thor^ 
hood  of  the  foundations  of  the  buildings.   As  wbom  in  Fig.  4»2,  31  strong-notion  aocel«r^ 
ogrsifihs  are  installed  in  18  places,    there  are  8  sets  of  Type  StOD'A,  6  sets  of  Type  Smc-B 
9  sets  of  type  smc-N  and  8  sets  of  Type  DC. 

the  nunbers  of  strong-ontion  aocelerogrephs   relating  to  buildings  and  the  agencies  in 
charge  of  naintenanoe  and  eontxol   are  shown  in  Table  4-1.    in  additionr  the  Building 
Research  institute  set  up  the  afore-said  "caravan"  at  2  places.    Bach  carawan  has  strong- 
notion  aooelerograglis   on  the  foundations  in  the  neighborhood  of  the  vertexes  of  an  eguilAt- 
eral  triangle  with  about  1  km  sides.    BecQrded  are  the  absolute  time  and  comon  tine  in 
order  to  allow  accurate  acquisition  of  the  propagation  direction  of  seisnic  waves*  etc. 
One  Caravan  is  installed  in  the  Itanuro  Penninsula,  which  is  amid  to  have  residual  energy 
in  the  seismic  center,  with  the  expected  seismic  scale  similar  to  that  of  the  previous  tlmSr 
and  the  other  Caravan  is  installed  in  the  neighborhood  of  "Onaezaki"    facinq  the  Sea  of 
Enshu  since  the  next  big  earthquake  is  expected  to  occur  in  the  Sea  of  Enshu  trough  with  a 
magnitude  of  Q. 

3.  Maintenance  and  check  of  stroncj-motion  acce leroqraphs  related  to  building 

The  organization  syst«£in  of  maintenance  and  control     in  the  Building  Research  Institute 
is  shown  in  Fig.  4-3.     The  Building  Research  Institute  asks  local  engineers     concerned  with 
tlie  buildings  at  tho  observation  points    to  perform  maintenance  and  check  at  the  observa- 
tion spots  with  due  renuneration .    The  local  staffs  performed  a  monthly  check,  aod  when 
th«y  find  any  trouible  and  shortage  of  apare  parts,  etc.    hey  inform  the  Building  Reeeardh 
institute.    The  Building  Keeearch  Institute  then  dispatdiea  a  repairman  or  sends  ^are 
parts  to  the  location.    Nhen  a  strong*motioa  earthquake  has  occurred  in  the  neighborhood 
of  any  location/  the  local  staff  instantly  checks  the  strong-motion  aooelerographr  and  if 
tiiere  is  any  record  available*  he  enters  the  data  and  puts  the  record  in  a  metallic 
cylinder*    The  cylinder  is  then  sent  by  amil  to  the  Building  Research  Institute*  irreqpec- 
tive  of  the  magnitude  of  the  record.   Moreover*  in  order  to  improve  the  technique 
knowledge  of  theBintenance  and  dtmdm  performed  by  the  staff  concerned  with  strong-niotica 
earthquake  ebservationa,  a  short  study  course  has  been  given  every  three  year*  by 
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Building  Rasearch  Institute.  The  maintenance  and  chaak  of  the  strong-motion  accelezogxfphs 
related  to  buildings  ar«  vary     in  their  systou  and  organizations*  etc.  In  aigencias  otlisx 

than  the  Building  Research  Institute    consist  of  the  following: 

An  agency  in  charge  of  observations    has  one  responsible  technician  concerned  wltbf 
strong-notion  earthquake  observations    and  he  maintains #  checker 


The  actual  maxntenance,  checks  and  repairs  are  performed  by  an  external  engineering 
contractor  at  an  interval  once  or  twice  a  year.     The  strong-motion  earthquake  records 
are  collected  by  the  responsible  technician  of  the  agency  or  the  external  engineering 
contractor.    A  common  trouble  witli  all  the  agencies  is  obtaining  the  budget  for 
naintenance,  checks /  and  repairs,    xiiis  is  because  the  fund  nost  be  raised  fxtm  tits 
bndgst  vnSmt  anothst  Itsn*  and  domm  not  aspsar  as  an  independent  bodgst. 

4.  Psocttsslng  method  of  stcong-aotion  sarthquaks  vsoocds 

Sinos  the  record  pxoossslng  aisthod  is  about  the  sans  aaong  all  aig«ncl«s  rslatsd  to 
buildings «  tfas  pcoosssing  sttthod  ssiployed  by  th«  Building  MssMVdi  Znstituttt  will  ttumtttw 
be  introduced  herein.    The  Building  Research  Institute  uses  roughly  3  ^rpes  of  strong* 
■otion  aoMlerographsi    (1)  those  obtained  by  snoked  paper  reoordlngy  (3)  those  obtained 
by  s^lus  pver  reoording«  and  O)  those  obtained  by  Mignetic  tape  recording.    In  the 
foctter  tMO  types*  tiie  original  reoord  is  copied  by  contact  with  the  negative  plate*  and  is 
digitised  according  to  the  flowchart  shown  in  rig.  ^2,  the  data  iS'  thwi  analysed  by  the 
ooaputer*  for  generation  of  a  list  of  digitised  data.   In  eass  of  the  mgnstie  t«pSf  Vb» 
r«Qoxd  is  dirsetly  digitised  by  a  high  speed  analogue-te-digital  convecter*  and  tfa«n 
analyasd  as  described  in  Fig.  4-2.   The  utilisation  of  strong-motion  earthquake  racocds 
do  not  revtlre  Isnediate  evaluation.    However,  the  publishing  of  the  analyzed  results, 
before  general  engineers  and  administrators  lose  their  interest  in  the  eartbiuake,  is 
necessary  in  order  to  provide  them  with  the  significance  of  the  strong-motion  earthquake 
observations.     Therefore,  the  Building  Research  Institute  has  prepared  a  completely  new 
process  for  all  records,  thus  permitting  the  data  to  be  distributed  within  4  days  after 
collection. 

5.  Publication  of  records 

The  strong-motion  earthquake  observation  records  related  to  building,  which  have 
acceleration  values  exce^ing  40  gals,  are  sent  to  the  Liaison  Conmittee  for  Promotion 
of  the  Stroog-MDtion  Cbsarvation  Pxojeet.   These  rsoords  are  then  pidbllAMd  ssmi-sBniially 
as  original  records  (analogue  values)  Inoluding  the  additional  lafomation  relative  to  tiie 
seismic  center*  seismic  scale*  time  istgnltude*  and  seissdc  scale  distribution  at  various 
places.    Tlie  Building  Research  Institute  pidallshed  the  digitised  tables  and  analiaed  resulte 
of  the  main  strong-motion  earthquake  records  in  Annual   Reseairdh  work  of  the  Building  Sts- 
search  Institute*  the  B.R.I.  Rsseartih  Paper*  the  News  of  japan  Social  far-earthquake 
Bnglneerlng  Froantloin*  etc.    m  addition*  about  once  a  decade*  Hbm  "Digitised  Strong-Motion 
Barthquake  Accelerogram  in  Japan"  is  also  publldnd.    This  date  conteins  earthquakes  loca- 
tion of  each  cbsexvation  point*  incesssnt  tremor  Fourier  speetra  of  the  point*  the  evtemal 
view  tfhoto  and  sectional  view  of  the  building  in  idiltih  each  strong-motion  aoeelerograph  ia 


ment. 
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totalled,  »tKCHff-«otlo<i  Moocds  and  ttwlx  digitlMd  tablm*  raipaoM  ipttotra  of  dialooa- 

tiottf  and  accelerations. 

6.    Bxanples  of  the  pgriacipal  •tron^-Mtioii  Mrtbviake  records 

Table  4-2  shows  the  records  which  have  a  maiclauB  acceleration  exceeding  100  gals,  and 
from  those  records  obtained  on  the  1st  floor  of  foundation  of  the  building.    Also  from  Umm 
records    illustrated    are  the  data  of  the  strong-inotlon  earthquake  record  obtained  at 
Kawagishi-cho  Apartment  of  the  occasion  of  the  Niiqata  Earthquake    fJune  16,  1964). 
This  earthquake  was  the  most  significant  in  the  history  of  strong-notion  earthquake  obser- 
vations in  Japan,  and  the  record  of  the  strong-motion  accelerograph  of  Hiroo  Tovm  Office 
on  the  occasion  ot  the  Hxtaka  Sandal  Earthquake  (July  21,  1970)  wnich  recorded  the  largest 
acceleration  as  of  this  date. 
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Fig,  3-1      Sites  of  Strong^Motion  Seismograph  Stations  for  SMAC-Tjp» 
Aceelerographs.  -ObMrvation  Network  of  Ground  Motions 
mad  Earthquake  Responses  of  Highway  Bridges,  Tunnels » 
Dams  and  Embankments  -  as  of  Marchp  1974 
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Fig*  3-2      Sites  of  Strong-Motion  Seismograph  Stations  for  Electro- 
Magnetic  Type  Seismographs.  -  Observation  network  of 
Ground  motions  and  Earthquake  responses  of  Highway  btidg^Bf 
Dam«  and  Embankments  -  as  of  March,  1974 
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y^'i       Acceleration  records  at  the  Itajima  Bridge  <lMrill|f 
Buacosuido  'earthquake  of  August  6^  1V6d 
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Fig.  3—1      Acceleration  records  on  tbe  ground  surface  nearby  the 
Itajima  bridgw  during  Um  Bumrasoldo  Ksrthmiaire  of 
August  6f  1968 
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Fig,  3-5      Distribution  of  Strong^totion  Observation  Stations  of  .fspan* 
as  of  March,  1974 
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Pig.  3-6       Proposed  networks  of  StroII£'4ktotion  Observation  StallOlll 
of  Ministry  of  ConstrucUODt   as  of  March,  J 974 
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SISnMi  FOR  STRONG  MOTKM  OBSERVATION  IN  B.R.I. 


a)    SBCIStON  MIKIN5 


CHAIRMAN 


RESEARCHER 
FOR  B1S1EM 


ACrnO-CHAIBtttN 


HEAD  OP  DIVISION 
C0NGB81IED 


HEAD  OF 
PULMKIKG 


CHIEF  OF 
8BCIIQir 


b)    NilHIEIttllCB  AID  DATA  PROCBSSIHff 


ACTINB-CHAIRMUr 


BATA  BMCB8SIW 


NAILI!IQ 

OBTAINED 

DATA 


RESEARCHER 


MDOTHLT 
REPORT 


SUPPLI  OF 
OBI  CELL 
E*T*C* 


TECHNICIANS  FOR 


ENGINTER  AT 
THE  SITE 


MONTHLY 
OIEGK 


STRONG  MOTION 
ACCEI£ROGRAFH 


FIXING 
SETTING 
OP  THE 
INSTRIDflBNI 


IV-27 


Digrtized  by  Google 


* 

i 


I 
I 

I 

S 


5? 


(A 

I 


Digitized  by  Google 


iWIMiteSukii 


SO0ea» 


n  JAN.  ItTO         AT  HIROO  KKOO« 


(»0  V9TICAL 


I  .^■^v/ll.'U^iU'i»^^ll/.^■^  ''■•^iA<U'-jiL_-».  ..J ....  w....*..  w^vvwiif*, 

Vaso  'jr  i«  1  e-Vr 


Plf.  4-6 
Absoluce  Aee. 

NIROO-eW 


UMMM>B>  tWTkMM.  ItmOO    <  SCCOMCS  ) 

iUfpooM  SpMtium  AbMliMe  Acc. 
I 


HIPOO-NS 


I 
I 

i 


1 

DAMPIMG  RATIO 

d 

4 

 1 

 1 

000   

001   

oos   

—  v»   

1 

— 

WOurO  MATIML  FCRIOO    ( SnONOS ) 

Fl»  4-7 


IV-29 


Digitized  by  Google 


US  SO 


H      O  |w 

M)      tf>  to 


5 


O  Q 


<a 
a 

<>-( 
o 

d 

a 
o 


o 


m  rs 

o  o 


o  e 


«  o 


O  O 

o 


■-I  O 

%>  9v  9. 

f\  1^ 


00  -7 

in  T 
O 


5 


c  o 
o  o 


O  O 

o 


o 


VTA 
O 


o 


o 


^  o 
o  o 


m 

a- 

I/- 

1 

^ 

? 

? 

1 

r- 

vC 

p-< 

1 

1 

t 

IT. 

in 

o 

o 
t 

O 
1 

r~i 

CO 

f~ 

O 

T 


I 

O 


■t 

•XI 


o 
I 

00 


04 
t 


<n      jO  lf\ 
ij*  J 


n     i  »-» 

T   ?  f 


1  ? 


IN 
1 

? 

1 

O 
1 

O 
I 

o 
rj 
1 

o 
1 

5 
I 

o 
r 

o 
1 

o 
1 

n 
C 
1 

C 
1 

o 

— ( 

ao 

o 

CM 


O  00 


00 


O 


e 
u 
o 

•a; 

o 

•2 

o 
u 


B 

o 

-H 

.   d  ^ 

K  rH 


>o  in 
vO  o 
r-i  r4 


00 
O 
M 


CM 


(-(r-l<-li-4iHi-(Ni-» 


o 

-a 

o 
u 


4&  I& 


I 

■a 


I 

D9 


m 

I 

CO 


o 

T 
I 

n 


I 


ITS 


a 
o 

CO 


o 

•H 

x: 

w 


CO 


I 


o 
E 
O 


u  n 

I  I  I 

"o 

c  o 

■-I  4i: 

^  d  s 


ca 
I 


ta  m  m 
t     I  I 


I  I 


M 

•a 


n  ._  ._  ^  5v 
i<:       10       M       >  :S 


IV-30 


Digitized  by  Google 

.  i 


00 

To 

CM 

t- 

so 

Sn 

fH 

NO 

o 

t- 

ON 

CM 

<-< 

r-l 

00 

vO 

oo 

ON 

>H 

ON 

>o 

3^ 

f»N 

in 

ON 

CM 

00 

1—1 

rH 

\o 

o 

ON 

iH 

<M 

<o 

o 

ON 

1961 

ITN 

o 

NO 

o 

On 

ON 

ITN 

o 

ON 

r-t 

00 

ITN 

o 

ON 

(H 

!>- 

rH 

ON 

o  a> 

E 

1 

II 

o 
o 

■♦3 

(S 


o 
E 
•> 

•H 

W 

»5 


C  n 

O  -t* 

■H  B  « 

■t>  «  6 

T  fci 

CO  «i 
O  ^ 

^  o 

«  ■»>  ei 


a 

o 


■p 
d 

» 

o 


I 


s:  o 

I  CI. 

-p 
u 
» 

r-t 


o 

CO 


in 


«NJ 


■0 


u 
m 


fNI 


NO 


■P 

(3 


I 


00 


I 

u 

2 

-p 

CO 

a; 
u 

*>  -p 


NO 

rN 


On 
CO 


On 


«) 

■P 

a 


P 
« 
(3 


I 


09 
P 

o 
H 


IV-31 


Digitized  by  Google 


J 

w 

i 


o 


«  <v  *   «  «  « 

«  e  o  9  »  9  e 

■  «■**■* 

e  e  e  o  e  Q  o 


»    Ift    4ft   «   W  « 

e  o  e  9  e  e  o 
e  e  o  e  o  s  d 


»^  -J 


o  o 

5  ? 


o  o   c  o 

o  d   6  d 


o  o  o 
='  S  ?' 


»  - 


d    -a    o     0    6    0  0 


^   -o  -c  -o 


S  5 


r-  — 

S  5 


=  S  g 

o    o  o 


ceo  ^(7*^-*^ 
C«DOOOOO 


S    S    o     ~  - 
ooc-oooee 


t-- 


=     {]      o  o 


Q  0  9 
O  — 


eQ    3Q    «:  00 


■D     rC  tfi 


d 


R  2 


»  If 

& 

8  S 

» 

• 

s  - 

•  • 

2 

• 

0i 
«• 
• 

^-  g  *> 


12    2   22I22S2    SII22SSS  SSgS  2  12111 


t  «  ft 

S  2  8 


111 

»  g  S 


1 
i 

a 
■ 

8 

I 

1 
T 

O 

I 

il 

i 

<^ 

i 


ft  a 


•»  o 

9  8 


O  <r  o 

^     ?~    ^  ni 


O    qs     r-.    lf^  *-i 

O    O  — 
y    M  iD 


OOf>-r^     c    O    >^    IT-    ^  Q 


300  COOw-'C 


■«  — 


I .  $  s 


^  o 

i  i 


c  o 

6 


COOOCOOCOOCCOOID 


^  .   -c   r-  * 


r<        r*  rs 


I 


-  -  —  a 
5  G 


a  (- 


il 

• 


>  « « 


^     v-i     ^  -tf 


<    «     m  * 


I  o  o  o  o 
'node 


?  i 


^  5 


o  o  o 
?  2  ^ 


a    o  C 

cod 
I-*  4 


C  o 

3  2 


S  o 


o 
6 


2  8 


<^  3 


•«  BO 


5 


1 1 


S  X  s 


O      O       to  10 

»  t     »  s 


H  « 


r-    rj  * 

rg    O  r< 

«s  o  e» 

a  »  9; 


*    r-  r« 

l/*  ^ 

^  9i  9  ^ 


^     *    0|>     f^j     r<  9k 

e   o    c    a   o     a  • 

S  S  S  Si(  «  9 


r-   «    J         —  o 

^r■    o  r*  r- 

3  8  3  5  ^2 

S  R  S  *  2 

^  r«  I" 


-  X 

S 


*        «  o 


00  *  flc  r—  f— 
0O    c>  «i 

*  ^  * 


?  I  ? 

2  N 

» 


O  00 


Sr    ^  & 


?  ?  ?  ?  55 

m  mm  m  ^  1-^  fT- 

O  <D 

3  l:  8  8  - 

«  i  •  ■  •  • 

c-  **  as  —  ♦ 

*  t  5  s  ^  ? 


•M  ^ 


«  2  Jt  g 


^  ©    O  t'^ 

eg  o 

—    f<  » 


o  o 
i-'  d 


o   o  o 

8  ^ 


»r  C      O     -3     O  O 


£  K  «  ; 

-  1^  .  


^     ^       M*-  C 

■J)  r<  d 


o    o  o 

^  ^ 


1^  «^^ 


O    «0  1*^ 
«^    f-S    f-  rv( 


21  S  » 


o  o  o 
<C  «5 


o  c  c 

is  i 


rg  •*> 


o  O 


O     O     C    «^  O 


3S. 


2:1 


f  I-  f 

3  «  8  S  S 

rg     fr*     r«  1*^ 


5  S 


X  a. 


r-  ff-  — 


—  4D 


7  T 

s5 


—  Pj- 
C&    t|i  ^ 


4  4 


,  J 

'-So    «  . 

^     ^    R  « 

a     •    a  h 

t     •*     B  IE 

t> 

X 

»    1       ;  . 

^                    ^  *. 
da                   0  V 

—            D                   -  wS 
B                          M  ^ 

>             »  « 

P     9     Q     tr  < 

e  (!  -  "  * 

2  S  S  £ 

if     M     w     9  • 

t  ^ 
£  o 

A      4              «      CA  A 

M    »     e  r 

O       C     «       d       4i  -rf 

J  sis;:: 
s    1  £  ::  « 

--••••■■•a 


lV-32 


Digitized  by  Google 


lb 
« 


e 


o 


B 
O 


5 
It 

.s 


o 


CM      CI      m  r-l  H 


8 


0 


i 


9 

U 

o 


s 

o 

■H 

3 

s 


o 

J  3 

r 


<0 


CM  rH 


N 


10       l-l  i~l 


C4 


« 


o 

•H 

O 

tB 


o 
o 


o 

H 


C  o 


9 

3 

o 


5 

3) 

o 


.A! 
B 


3 


3 

c 


3 


-.J 
o 


IV-33 


Digitized  by  Google 


Tab.  4-2       wax  UST  OP  ACCEI£ROGRAMS 

<IttX.  ACC.  EXCEEDS  NDBB  TBAIT  100  OAL) 


A&TB  AND  NAME 
OP  EARTHQUAKE 

EFIGiiNXER 

I 

DEPIU 
kn 

MAX. 
AOXLfiKAIION 
gal 

TEARAai-OKI 

Feb.  5,  1964 

140.9"  E 
36.3°  N 

60.0 

KANIO  601 

ki  sho— 
shitsu 

K¥ 

105.0 

NIGATA  E.g. 
Miiy  16,  1964 

139. 2»  E 
38.40  M 

40.0 

NlffATA 

701 

Kawagialii 

cho 

apartaant 

HS 

155.0 

E¥ 

159.0 

TOKA(SI-0KI 
E.Q. 

May  16,  1968 

14J.6*  E 
40.7®  M 

0 

BE  006 

Hirao 

NS 

182.0 

£¥ 

165.0 

HIGASBIKA1!8DXAMA 

E.Q. 

January  1,  1968 

139.4®  B 
36.0<»  N 

50.0 

TOKYO 

101-2 
{TE-024) 

E.E.I. 

NS 

106.15 

£V 

103.6a 

« 

w 

10KID 

U6-2 
(TK002) 

I.I.S.E.E. 

NS 

79.45 

BV 

111.65 

HIDAKA-SANKEI 
E.Q. 

Jan.  21,  1970 

143.3*'  E 
42.3''  N 

60 

HK  006 

Hi  TOO 

NS 

412.0 

EV 

437.0 

iV-34 


Digitized  by  Google 


THB  UHISED  STATES  STRONG-MOTION  MBUfOMCt 
FI£LD  OPERATICmS 


Richard  P.  Maley 
U.  S.  Geological  Survey 

8m  FrmeifoOf  Califottti* 

ABSTRACT 

The  national  strong-motion  instrumentation  network  operated  by  the  Seismic  Engineering 
Branch  of  the  U.  S.  Geological  Survey  is  the  system  established  to  record  the  strong 
motions  of  damaging  earthquakes  in  the  United  States.     From  the  original  50  CSGS  Standard 
instruments  installed  in  the  1930's,  the  network  has  expanded  to  more  than  1300  accelcro- 
graphs,  with  9  different  models,  located  in  35  states  and  9  Central  and  South  American 
oountrlM. 

tbm  iMtMorfc  qparstioM  Motion  of  6BB  conducts  thsao  intomlntad  flald  program  t 
inBtxoMnt  installfttioa,  loutlns  anlntananoft,  and  Mrthqnaks  raooxd  raoovary.    At  tha  para-* 
■ant  tlaa  tha  lazga  aajority  of  Inatnaanta  bain?  Inatallad  ara  aalf-ocntainad  thraa-oon- 
ponmt  acealavogtaciibs  tkat  racovd  on  fO-vn  film.   Sona  ramta-smaor  aooalarographa  ara 
alao  baia9  loeatad  on  atniettacaa.    Rotitina  OMilntananca  intarvala  hava  baaa  laogtbanad  fxon 
2  ■onths  a  faw  iraaxa  ago  to  4  nontiia^  with  tha  aiccaption  of  a  trial  area  in  Loa  Angalaa 
uliara  a  6  aooth  Intarval  ia  now  in  affaet.  Tha  bigbar  zaliability  of  mdazn  inatnwentation 
has  aada  thia  aictandad  aalntananca  sdiadttla  poaaibla.   fta  tha  natMorfc  aj^ands,  it  nay  ba 
naoassary  to  davalqp  a  Sanota  Intarzogation  Systan  to  pzovida  a  nathod  of  dataraining  tha 
critaricn  of  tha  instrasnts'  vital  functions  by  talaaatry*    Aftar  aignif leant  aarthguakaa, 
8E8  paraonnal  penvtly  cellact  and  davalop  aarthquaka  raoorda  and  attach  pamaaant  labala 
providing  aufficiant  data  for  noat  analyaaa.   Tha  raoorda  ara  then  trananittad  to  the  data 
■anagemnt  saotlon  for  furthar  procaaaing. 


lay  Hbtda:    Accelerographs;  Earthquaka  Data;  Earthquake  Recozdai  Field  Stationsi 
Strong-motion  Network. 
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iBtBoduction 

In  1932  til*  mitAd  St«tM  OM«t  6  G«o«fttle  Bwrmr  (CfiCs)  iiuM)gwc«t«a  a  progc«m  of 
stzong-Mtlon  MlxMlogleal  wocfc  asvigmad  to  fuxniah  the  angimer  and  lat«rMt«d  otb*r« 
with  dsta  ooii>idMr«d  MMtttlal  to  tl»  dMlgn  of  ««riliqv«k«  r»8ist«nt  stracturM  (Clottd*  1964X 
The  raqmiBibility  fiOr  ozvinixlng  an  Inatnanantation  natMork  to  achiava  this  ol>jactim  waa 
aaaignad  to  tha  Saiaaologieal  Plaid  Survagr  (SfS)  In  San  PranclaoOf  Califomla*  tha  peada 
oaasor  to  tha  currant  opamting  unit*  tha  Seismic  Engineering  Branch  (SEB)  of  th«  office  of 
Earthquake  Studies,  U.  S.  Geological  Survey  (USGS) .    Tha  program  was  initiated  with  tha 
installation  of  nine  low-sensitivity  short-period  seismographs  (accelerographs)   in  struc- 
tures selected  for  special  studies  by  local  engineers.     Less  than  8  rxsnths  later  instruirienta 
installed  at  Los  Angeles,  Vernon  and  Long  Beach  recorded  the  disastrous  1933  Long  Beach 
earthquake .    These  first  useful  records  of  damaging  earthquake  motions  showed  amplitudes  as 
large  as  0.25g,  thus  justifying  the  program  and  furnishing  the  impetus  for  additional  efforts. 
Consequently,  the  network  was  rapidly  expanded  to  50  instruments  located  principally  in  the 
San  Francisco  and  Los  Angeles  areas  but  extending  to  other  seismic  regions  of  the  western 
United  States  as  well.     The  principal  instrument  used  in  this  network  was  the  strong-motion 
acoalerograph  desigtiad  by  the  C6GS  in  cooperation  with  the  u.  s.  Bureau  of  Standards. 

Oaring  tha  parlod  1936  to  1963  the  prograa  aaa  aarkad  by  a  gradual  iaprovanaat  Of 
inatziMatatioA  and  aathodology  and  a  alow  incraaaa  in  tha  total  nuaiMr  of  atxang-notlon 
saiaangrapha.    Ovkc  thia  period  SP8  developed  niawrous  innovationa  that  were  auboequently 
iaoorporated  into  the  exiating  inatruaantation.    Theae  inclndad  among  othara«  tha  daaign  of 
a  unifilar  acoalaroaetarf  a  atrong-notion  diaplaoaaant  neter,  and  li^tH:ight  recording 
aaaanbly.    Baeauae  tha  original  acoalerograph  waa  relatively  large  and  required  aztanaiva 
aaiatananca  at  fraviant  intarvala,  tha  natworic  waa  increased  hy  only  28  unite  between  1926 
and  1963. 

In  1963  tha  firat  ocaaareially  daaignad  acoalerograph  featuring  nuaarooa  anglnaaring 

and  electronic  improvements  %fas  ■arkatad  in  California.   This  inatrvnant  ovarcam  many  of 
tha  inadequacies  of  the  earlier  accalecogravb  and  consequently  ushered  in  an  era  of  aub- 
atantial  ^igwineion  in  the  strong-motion  aatwork.    with  the  development  of  several  newer  and 

less  expensive  instruments  in  recent  years,  the  netiKsrk  has  continued  to  enlarge  at  an 
accelerating  pace.     Between  196  3  and  the  present  time  tha  number  of  accelerographs  increaaad 
from  70  to  approximately  1300.     Instrumentation  is  now  located  in  35  states,  including 
Hawaii  and  Alaska,  and  in  9  Central  and  South  American  countries   (Figures  1  and  2) .  Because 
of  the  expanded  network,   field  offices  have  been  established  at  Los  Angelss,  Califorola,  at 
Las  Vegas,  Nevada,  and  at  Columbia,  South  Carolina. 

From  its  inception,  the  program  has  received  the  cooperation  of  nwDcrous  outside 
organiaationa  and  individuals.    In  tha  early  yaara#  housing  and  faeilltiaa  ware  pxovldad  by 
private  and  public  organtaationai  and  in  recent  yaara*  a  large  nuaber  of  aocelerographa  pur- 
chased iv  other  organisatlotia  have  bean  ineorporatad  into  the  network.    In  fact,  aora  than 
900  of  tha  accalarographa  tnatallad  aince  1963  have  bean  included  through  tha  cooperation  of 
two  federal  aganoiaa  (the  Otnpa  of  Bngineara  and  tha  Vaterana  Jtdminiatration) ,  two  state  of 
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California  aganeias  (tha  Diviaion  of  Xinaa  and  Gaology  and  tha  Daj^axtaant  of  Natar  Ilaaoiirc«B)» 
and  tiie  nuMMMua  building  daipartiients  ulioaa  oodes  requiM  inatronentation  at  various  levels 
of  high-rise  buildings.   The  building  code  requireoMmts  were  initiated  in  1965  when  the 
cities  of  Los  Angeles  and  laverly  Hills  passed  ordlnancaa  requiring  three  aecelerographs  in 
newly  constructed  buildings  over  six  stories  high  with  an  aggregate  floor  area  of  60,000 
square  feet  or  more,  and  every  building  over  ten  stories  high,  regardless  of  floor  area. 
This  rcquirGment  became  more  wide-spread  when  it  was  adopted  by  numerous  other  coinmunities 
in  California  as  a  result  of  being  included  in  the  appendix  of  1970  Uniform  Building  Code 
(it-laley  and  Dielinan,  unpublished  data)  .    At  this  time,  approximately  one-half  of  the  total 
number  of  accelerographs  in  the  network  are  those  in  high-rise  buildings. 
Operation  of  the  Network 

Instrumentation.    The  majority  of  accelerographs  in  the  USGS  National  Network  are  the  photo 
aechanical  type.    Each  instrument  contains  accelerooieters,  'trigger,  timer  and  recorders  all 
housed  in  one  instrunent  case.   The  typical  aceeleroneter  is  a  pendulw  with  a  mirror  de- 
signed to  reflect  a  bean  of  light  on  to  translating  photogr^ic  filn  or  poiper.  Although 
thMre  ace  eix  diffarmt  Models  of  this  type  in  the  network*  only  two  are  still  in  general 
production,  the  xinemetrics  sm-1  and  the  Taladyne-Geotech  RFT-'SSO  (Table  1)  * 

1)  The  Standard  CfiGS  aoeelerograph  records  on  152-ib  <6  inch)  or  304-aai  (12  inch) 
photographic  psper.    It  is  triggered  by  an  oil  daqped  one-second  horisontal  pendulum  that 
makes  an  electrical  contact  «Aian  displaced*    The  instrmant  has  a  fixed  oparating  cycle  of 
epproximately  1  minute  and  is  capable  of  recording  five  or  six  separate  events*  Several 
disadvantages,  othor  than  its  largs  sise  (33  x  50  x  115cm) ,  include  a  relatively  high 
standby  current,  lack  of  an  internal  calibration  system,  end  the  need  for  a  darkened  room 
to  chaxige  the  photographic  paper.    The  instrument  has  not  been  manufactured  for  several 
years  and  is  slowly  being  phased  out  of  the  network. 

2)  The  ARr-240,  the  first  comparatively  modem  aoeelerograph,  %ies  designed  and  marketed 
in  the  tinited  states  in  1963.    Tt  records  on  304-an  photographic  paper  and  is  capable  of 
numerous  operations  because  the  supply  magazine  can  accomodate  rolls  of  paper  23in  (75  feot) 
to  46m  (150  feet)   long.     The  instrument  is  triggered  by  a  magnetically  damped  one-second 
electrical  contact  pendulum  similar  to  that  in  the  Standard  C&FS  acceierograph .     The  oper- 
ating cycle  is  electronically  designed  to  allow  continuous  operation  during  an  earthquake 
and  then  for  an  additional  7  seconds  after  the  last  pendulum  contact.     There  is  an  internal 
calibration  system  that  may  be  actij^'atcd  by  switches  on  the  outside  of  the  case  thus 
allowing  the  easy  recording  of  period  ana  damping  at  each  inspection.     Lxght-proof  supply 
and  take-up  magasinea  pzovide  for  tha  cetrlawal  of  reeexde  in  •  lighted  vooet. 

3)  The  HO-2  acceierograph  has  a  fixed  47  second  operating  cycle  and  is  capable  of 
registering  a  maximum  of  nine  distinct  evwnts.    It  records  on  35-aii  film  and  is  triggered 
by  an  electmiic  vertical  starter  that  is  nominally  set  to  Intiate  operation  at  .Oig.  The 
instrument  has  no  internal  calibration  system.    Records  are  collected  in  a  light-proof  con- 
tainer, although  with  some  difficulty  becsuse  the  film  must  be  neohanlcally  rewound  after 
recording  an  event. 
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4)  Itaa  Brv-2S0  opentss  Bii^lMr  to  th*  eM^icniBly  dsacrlted  Ml-240  but  im  MMMbftt 
nallttr  and  racx»4B  on  70-Hn  filai.    iBfironwwHf  inclute  tb«  •lijnIiMitlea  of  otattdbir  comat 
drain  and  tiia  Inoocporation  of  Mtlod  rMbatgMblo  battovla*  into  tha  instxuMnts  baaa 
Plata. 

5)  .  fte  m-SSO  is  a  ra-«ngliiMi«d  Twcslon  of  tha  ltFT-250.   Xt  peaaaaaas  baaleally  tlw 
aana  oliaraetaclatio.a  axcept  for  tha  additlcB  of  an  alactzonic  'oanitclggar*  tkat  faatnxas 

a  eonblnatlon  of  three  triggering  transducers^  tMO  horizontal  and  ona  vartioal*  Tha 
atarting  threshold  level  is  adjustable  but  is  normally  set  for  .Olg. 

6)  The  SMA-1,  a  relatively  small  accelerograph  (20  x  20  x  31cin)  ,  records  on  70-inri  film. 
It  has  the  usual  features  of  modern  strong-motion  instrumentation  including  light-proof 
film  supply  containers  capable  of  holding  23  m  of  film,  an  operate  cycle  that  continues 

6  to  20  seconds  after  the  last  triggering  pulse,  internal  sealed  batteries  and  a  simple 
calibration  system.    The  instrument  is  triggered  by  a  vertical  transducer  calibrated  to 
start  at  .Olg  between  1  and  10  Hz.     An  electrical  contact  1-second  pendulum  starter  is  an 
optional  feature.    Approximately  30  SMA-i's  now  i:    the  field  are  equipped  with  WWVB  radio 
receivers  that  iaqprass  real  tine  signals  (GMT)  on  the  record.    BeoauM  the  identification 
code  appears  on  NNVB  onoa  aadh  Blnutat  it  ia  naoassary  to  hava  a  ainim  70  aaoopd  operating 
qrolo  on  thsaa  iastnamts  to  aaanra  raoozding  of  tha  ccnpleta  ooda. 

Baomtly  savaxal  acoalavographa  utilising  saoBtaly  locatad  uBboundad-atrain-gaga  or 
fovoa-balanead  aeeolaxomtars  hava  baan  iastallad  in  tha  natMork  (TSbla  XX) .   Tha  trans- 
duears  are  aneasad  in  •nail  aatal  hesMS  idaally  sultad  f6r  aeanting  in  ralativwly  on- 
acoassibla  loeationaf  suOh  as  in  tha  ambankaant  of  aarthflll  dana  or  on  a  partioiOar  fraaa 
WBiibBr  of  a  building*   Tha  Inoeadng  data  aca  trananittad  by  wira  to  a  caatrally  looatad 
raoordar  fOr  aaplifieation  and  aignal  filtariog.   Tha  aignala  axa  than  nant  to  a  bank  of 
galvanonatars  «bava  tha  daf  laetions  of  a  light  baan  ara  ragistarad  ia  tha  uaual  saguiar  on 
tranalatiag  photographic  film.    Sanaitivity  of  tha  ooapoaanta,  although  adjustsblar  is 
nomially  sot  to  approximately  1.9  cm/g,  similar  to  the  7(Hn  film  raoordlng  aooolarographs. 
The  adjustable  triggering  threshold  is  sat  for  .Olg  and  is  aooeppliShad  by  aithar  using  a 
■ignal  from  the  accelerometers  or  by  separate  starters. 

As  an  optional  feature,  a  digital  delay  memory   (DDM)  may  be  incorporated  into  the 
system,  thus  allowing  the  recording  of  data  from  the  transducers  prior  to  actuation  of  the 
recording  unit.     The  DDM  continuously  monitors  the  transducer  output  but  records  the  dat* 
only  if  the  signal  proves  strong  enough  to  trigger  the  instrument.     Since  the  data  are 
continuously  stored  for  a  short  preset    interval  and  discarded  if  not  significant,  it  is 
possible  to  record  the  entire  earthquake  from  a  time  shortly  before  the  P-wave  arrival. 
The  present  photo  mechanical  accelerograph  will  miss  the  initial  P-wave  motion  and  fre- 
quently will  not  trigger  until  tha  8-«ava  asrivaa.    Tha  DON  ftanetionad  well  daring  testing* 
and  a  six-ohsnnal  unit  baa  racantly  baan  inoozporatad  in  one  of  SVb's  rsoordars  for  field 
evaluation. 
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Prior  to  preparation  of  a  site  for  installation  of  one  or  nore  acoelerograpbs,  the  SE8 
consults  iifith  the  Instrunant  OMner  to  see  that  prcqper  facilities  are  available.  Becoonended 
site  criteria  include  the  following:    (1)  housing  that  provides  anple  rocsi  for  routine 
vaintenanoe  plus  protection  frcn  weather,  flooding  and  hunan  interference  f  (2)  a  concrete 
pad  or  floor  (well  anchored  to  underlying  soil  or  rock  if  mt  ground  level) »  (3)  an  electrical 
outlet  for  a  trielele  charger,  and  (4)  the  correct  shielded  interconnecting  cable  if  nore 
than  one  accelezograph  is  to  be  installed. 

After  station  preparations  have  been  conpletad,  the  instrmsnt  is  set  in  place  by 
Jriving  a  self  drilling  anchor  into  the  concrete  and  bolting  the  unit  eecurely  to  the  floor. 
Both  the  SMA-1  and  RFT-3S0,  the  only  self-contained  aecelerograi^  currently  available,  are 
mounted  by  a  single  anchor  that  passes  through  the  center  of  the  base  plate.  Instruments 
installed  in  a  structure  are  normally  aligned  with  the  horizontal  accelerometers  parallel 
and  transverse  to  the  structure's  axes.    Those  located  along  major  fault  zones  as  free- field 
Instruments  are  situated  with  the  horizontal  coiqponents  parallel  and  transverse  to  the  trace 
of  the  fault. 

A  trickli-  charger  is  connected  to  the  battexxes  to  assure  maintenance  of  proper  charge 
level.    Wiiea  no  piec  trinity  is  available  or  it  is  not  economxcally  feasible  to  bring  in 
electrical  lines,  a  solar  panel  is  installed  to  supply  the  trickly  charging  function. 
Althoug:;  nodorn  iiisi.rurn<j.'.ts  have  an  ftvent  indicattjr  that  reveals  whether  triggering  has 
occurred,  an  external  counter  i!>  also  attached  to  show  the  number  of  operations  between 
inspections. 

Nhen  all  adjustnents  have  been  oonpleted,  a  tost  is  conducted  to  record  the  alignnsnt 
of  traces  and  the  period  and  daqping  of  individual  acceleronwters.    This  record  is  returned 
to  the  office  for  developing,  calculation  of  instrunental  constants,  and  pemanmt  storage 
in  the  station  file.    After  the  instrunent  cover  has  been  replaced,  a  siailar  test  record 
is  put  on  the  film  so  that  calibration  dato  will  always  precede  any  earthqpiake  record. 

the  final  procedure  at  installation  is  to  fill  out  an  in^peotion  fom  providing  both 
tnfoznation  relevant  to  the  instrument's  functioning  condition  (battery  voltage,  lai|> 
voltage,  eto)  and  sufficient  details  to  determine  the  station  location,  accelerogram 
orientotion,  local  ccntacto  and  access  to  the  site  (Figure  3) .    Ihis  infoxmaticn  is  used  by 
the  technicians  to  fill  out  access  sheets  that  are  later  p«t  in  field  notdbocks  so  that  any 
SBB  menter  may  independently  enter  the  stetion  to  service  the  instrument  or  recover 
earthquake  records  (Figure  4). 

Photographs  are  normally  taken  before  leaving  the  site  to  shew  the  Inatrumenli  in 
piece,  its  housing,  and  the  major  structure  associated  with  it. 

ni^yfciwa  Instrument  Haintenance 

At  set  intervals  one  of  the  SBB  technicians  visits  each  aceelerograph  stetion  and  in- 
spects the  instrument  to  see  that  all  componente  are  operating  properly  and  to  make  any 
adjustments  and  changes  required  to  keep  the  equipment  functioning  at  its  mayimMSi  effi- 
ciency.   The  following  procedures  are  carried  out  during  an  inspectiont 
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1)  Check  the  event  counter  for  possible  operations,     if  it  reads  anything  other 
than  zero,  the  potential  record  is  recovered  as  though  it  were  from  an  earthquake. 

2)  If  the  film  supply  indicator  shows  that  le»3  than  half  of  the  film  remains,  it 

is  replaced  with  a  new  roll.     In  any  event,  the  film  is  replaced  at  intervals  of  evary  ttio 
years  or  less  depending  upon  the  heat  and  humidity  in  the  instrument  room. 

3)  Manually  displace  the  trigger  pendulum  to  see  that  it  starts  the  accelerograph. 

4)  Observe  the  light  traces  to  see  that  they  ate  on  the  collimating  lens  at  the 
correct  level  and  that  they  are  spaced  at  designated  locations  across  the  filia. 

5)  Visually  chack  tbm  data  tcacat  fbr  daaping  deflections  and  frea  paxiod  oacillations. 

6)  Mdte  vhathar  tha  timm  BariEsr  aolanolds  asa  dsflacting  properly.    Sinem  tha  aAvMit 
of  cxystAl  tagulatad  tlaara«  it  i«  wmUom  MoaMaxy  to  ntko  xognlar  to»ts  of  tJM  tSm  xmto 

7)  MMsuz*  tlM  eluucgo  currant  vith  tlM  inatruaent  on  atandky  and  tli«  tettwy  load 
voltago  Nhllo  tlis  aooelorograph  is  zimiilng. 

S)  NMaur*  laap  omant  for  tiio  noaiiwl  epomting  valtM* 

9)  Wmxo  MVBral  iMtzaMnts  are  Intotconmctodf  varity  that  tlMin?  and  atartiag  aiv- 
nala  as*  balag  traaaadttad  bataaan  tha  vMriena  unlta. 

10)  Chaek  instrvpaata  with  a  IMVB  radio  raoaivar  for  radio  racoption  and  an  i^raaaad 
algaal  on  the  tiaa  aark  aolanoida. 

Aftar  thaaa  pzooadnroa  hsw  taaan  oaiplotad»  an  inapactlon  fozs  (Pigura  3)  ia  0MiBand« 
fha  inapaetioB  fonw  oonaiat  of  four  copy  NCR  paper  so  that  one  dhitllcata  ma^      laft  with 
tha  Instmnentr  the  aacond  in  the  station  files,  the  third  with  the  Inatnaant  omnar*  and 
the  fourth  in  a  matar  file  at  SEB's  main  office  in  San  Francisco. 

There  are  a  large  mndier  of  problems  that  may  be  observed  during  an  inspection,  but 

moB't  of  these  «r«  minor  and  inconsequential  to  the  efficient  acquisition  of  strong-motlgn 

data.    Some  of  the  mure  serious  malfunctions  that  cause  total  instrumental  failure  or 
jeopardize  the  recording  system  are  summarized  in  the  following  paragraphs. 

1)  Loose  instrument  mounting.     Frequently  the  .iii.iijjxs  imbedded  in  concrete  loosen 
after  installation  resulting  in  a  loose  instrunant  within  the  next  several  raonths.  Ka- 
tightaning  tha  aaebor  mt  aHalnatiaa  tluLa  preblam. 

a)  llaetconie  tawdedoMii  A  nwtoar  of  aolld-stata  falltwaa  aay  ooour  iaoliiOlBg  ttioaa 
within  oiro«it  boarda  ragulatiag  tha  trlggar  and  qparata  eyela.   in  tha  flrat  inataaeaf  tha 
Inatruaant  wiil  not  atart  and  in  tiia  aaoood  inataaea*  tha  inatnaaant  wili  aot  torn  off 
aftar  having  baan  triggarad.   Othar  ftdlnvaa  ham  oeeurrad  ia  circuit  hovedm  goawmlag  tha 
aotor  drivBf  tina  pulaa  ganerator*  and  calibration  lyatania.   tha  Inapaeting  taohnlolan 
oarriaa  a  a«vply  of  ^aa  oo^poaaata  in  tb»  fiald  and  can  raadlly  raplaea  tba  aalfunctloafcg 
unita  whan  thagr  are  diaoowarad. 

3>  Powar  loaa.   Power  leaa  haa  baan  a  aajov  long-atandlng  prc4>lM  with  atroag-^otion 
acoalaxagrapiui  but  of  a  dlainiahing  natora  alaoa  aaall  tri^tla  «ihargaKa  warn  iaatallad 
on  the  batteries  after  SiB'a  aqpariaaoM  in  tibe  1971  San  Fernando  aartbqpiaka  {Malay*  1971). 
Soae  of  tha  problaaa  that  raawla  ara  tha  ooeaaiooal  breakdown  of  etaargara,  aoxaal  battary 
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£alliir«*  loM  of  «l«ctrieal  pcnwr  and  subaaqumit  diarge  currant  #  and  tlia  oerroaian  of 
battacy  tandnal  oonaaetoea. 

4)  Hechanical  maladjustaenta.    The  l-second  horiaontal  pendulum  startera  nay  become 
Offaat  and  if  this  is  sufficient  to  make  tha  alactrical  contact,  the  instrument  will  trig- 
ger and  not  turn  off  until  the  batteries  have  gone  dead.    The  electronic  vertical  starters 
eOBathimes  sag  until  they  come  to  rest  on  their  lower  stops. 

Other  problems  in  this  category  include  trace  drift  that  may  result  in  total  loss  of 
one  or  more  channels  of  data,  the  loss  of  time  mark  solenoid  deflections  resulting  in  the 
omission  of  time  signals  on  the  record,  and  cooiplete  or  p£u:tial  failure  of  the  film  drive 
mechanism. 

5)  Envxronmental  problems.    Excessive  heat  and  hunu.dity  may  cause  impaxrcient  of  the 
xiozaal  Inatrunsntal  operation.    Occasional  flooding  has  occurred,  resulting  in  total  dis- 
ablanent  aa  wall  aa  an  expensive  repair  bill.    Hman  intarfaranoa  la  also  a  problem, 
aonatlnaa  aaraly  froa  tha  curloiia  tout  at  otbwr  tima  from  vandals  bant  en  daatsuetion*  in 
one  inatanea,  a  loekad  aoealarograj^  building  waa  hroksoi  into  and  tha  inatruamt  pried  off 
Ita  snuntlng  and  tban  throim  into  an  irrigation  canal. 

Moat  ef  ttaaaa  problama  can  ba  handled  innadlataly  during  tha  Inapaetionf  but  «lian 
field  rapaira  are  not  eapadient,  tha  inatruant  ia  raaovad  and  tak«&  to  a  SEB  ahqp  for 
renovation. 

Until  tha  Hid  1960*8  tha  national  network  oonaiatad  chiefly  of  Ooaat  and  Geodetic 
Survey  Standard  accalarographa  and  a  leaaar  nuoisar  of  JUi-240'a*    At  that  tine  it  waa 
particularly  imortant  to  sea  that  eadi  inatrunent  waa  kapt  in  good  qparating  condition 
baoauaa  there  were  relatively  few  atations  to  record  any  one  earthquake.   Since  tha  exist- 
ing aecalerographs  were  slightly  less  reliable  than  those  davalopad  in  raoant  years,  a 
■axlBum  inspection  interval  of  2  nontha  was  considered  necesaary  to  obtain  a  high  data  re- 
turn.   As  the  network  was  rapidly  enlarged  by  the  influx  of  newer  and  more  reliable  in- 
struntents,  the  inspection  period  was  lengthened  to  3  months.     Even  with  this  quarterly 
scheduling,  it  was  impossible  for  the  limited  SEB  staff  to  keep  up  with  the  accelerating 
number  of  new  installations  and  inspections  required. 

After  a  1974  study  of  laamtenanoe  procedures  ia  the  network,   that  was  hy  now  heavily 
weighted  with  highly  reliable  instrumentation,  it  was  determined  that  the  service  interval 
could  be  further  lengthened  to  4  nonths  with  no  significant  decrease  in  operating  effidencii 
ihs  entire  natwrnek  ia  now  being  maintained  at  4-nonth  intarvala  axoapt  whara  ehargera  have 
not  yet  been  inatallad  and  for  nore  than  100  buildings  in  tha  Loa  Jkngalea  area  e  taat 
le  being  ooodootad  uaing  S-month  inspections.    This  excludes  sooa  nore  critical  or  trouble- 
prone  atationa  that  are  aarviced  Bora  fraguantly.    Should  thia  taat  prove  aueoesafulr  SBB 
intends  nltinuitaly  to  convert  the  uttire  network  to  a  6-annth  waintananca  aehadula.  Be- 
cauae  a  large  pert  of  technician  tiae  ie  expanded  in  ainply  traveling  to  tha  atationa,  the 
less  frequent  inapeetion  interval  providea  for  onra  tine  to  be  uaed  in  servicing  the 
inatruBsntr  tfaua  reaulting  in  better  parforBanca.    niia  trend  waa  indlcatad  by  the  1974 
atudy  of  ■alntananca  procedures. 
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SSB  is  striving  to  achieve  a  95%  success  rate  in  ktmpixng  the  instrunentatioit  opera- 
tional.  This  aeens  to  be  a  desirable  goal  «hen  one  considers  the  unpredictable  eecurrence 
interval  for  strong  earthquake  motion  at  &ny  particular  location.    An  instxUBierit  nay  re- 
main virtually  idle  emd  not  record  important  data  for  20  years,  hut  when  an  earth::uake  (^mb 
occur,  if  the  instrument  is  not  operational,  a  uniq'JG  onport  mity  for  recordinq  damaging 
motion  at  that  site  may  be  lost.     The  extremes  in  .4  iqr.  i  f  ic;cint  recrc^rdinq  int<;rvala  are 
shown  by  Long  Beach,  where  an  important  record  was  obtiaiied  8  mfinths  after  the  instrument 
was  installed   (only  several  records  of  minor  importance  have  been  obtained  subsequently), 
and  San  Diego,  whcro  no  significant  record  has  been  obtained  in  the  41  year  history  of  the 
Station.    The  necessity  of  keeping  instruments  in  good  condition  in  the  eastern  United 
States  is  of  even  greater  ij8[>ortance  because  the  probability  of  a  damaging  earthquake 
oeeurring  in  any  period  of  tine  is  considerably  less  than  la  California. 

A  longer  inspection  interval  will  help  keep  pace  with  the  naintenance  of  a  rapidly 
Mpanding  netwoifc  ftor  soaw  tine»  but  if  in  the  next  several  years  the  nueber  of  aocelero- 
gzaphs  dovdales  or  triples*  some  altemativa  Batfaods  anst  be  considered.    Okie  tSmt  perhaps 
offers  the  most  proadse  for  the  future  is  the  developaent  of  a  Remote  Interrogation 
^tem  (RIS)  to  detemdn^  Instrunent  operating  capability  by  a  teleaetry  link  to  a  central 
control  unit. 

The  development  of  a   KX8  could  allow  maintenance  peracnnel  to  remotely  interrogate 
any  acoelerogrifh  for  the  condition  of  vital  inatraant  functions  such  as  proper  triggering^ 
battery  voltage  under  load*  amount  of  film  remaining*  and  the  nmbex  of  events  reooxded. 
the  interrogation  could  be  preprogranmed  to  oover  any  set  of  etationa  or  manually  operated 
to  select  an  atbitracy  gtong  of  stations.    SEB  technicians  may  effectively  inspect  the 
network  at  firaqnent  intervals  and  yet  make  actual  on-site  field  maintenance  visits  only 
when  serious  malfunctions  are  observed.     It  is  anticipated  that  other  than  SUCh  xequired 
maintenance  trips,  each  instrument  would  be  tlioroughly  serviced  aniiually. 

A  second  function  of  the  RIS  vrauld  be  to  quer«y  the  event  counter  of  any  selected 
group  of  instruments  after  a  local  earthquake.     Although  most  felt  earthquakes  are  not  of 
enqineering  significance,  records  at  a  particular  site  may  hu  of  special   valuu  to  some 
enignoers,  geologists,  or  seismologists.     The  event-counter  interrogatioti  would  simplify 
the  recovery  of  such  records  and  would,  to  some  extent,  define  tlie  time  of  occurrence  of 
minor  earthquake  recorda  that  are  collected  during  routine  servic^i^. 

Besidee  its  obvious  advantages*  the  RIS  would  pay  for  itself  over  a  period  of  years 
by  reducing  the  mean  annual  maintenance  coats*  primarily  that  of  travel  and  manpower.  As 
the  system  beccaw  operational*  it  would  allow  an  increase  in  the  network  siae  while  per- 
mitting more  effective  uee  of  personnol. 

Earthquake  Record  Recovery 

Post  earthquake  procedvire-s  in  the  handling  of  records  cover  three  bi'oad  phases: 
1)  the  actual  retrieval  of  records  from  individual  instrument  sites,  2)  the  photographic 
develofimen-t  of  records*  and  3)  the  labeling  of  the  recorda  with  sufficient  data  for  most 
routine  analyses.    Because  of  the  large  number  of  small  earthquakes  that  occur  in  California* 
tiiia  ia  nearly  a  continual  process  although  at  a  substantially  lower  level  than  after 
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a  significant  event « 

A  e««ual  review  of  the  nunber  of  records  obtained  during  aoae  recent  earthquakea  ahows 
the  nagnitude  of  tlie  recovery  and  docwentation  that  will  be  required  dnring  futiuce  large 
ehocka.    In  1968,  114  recorda  were  obtained  fran  a  nagnitude  6.5  aarthqpiaka  that  eeeart»d 
210  km  from  Loa  Jkngelea.    During  the  1971  San  Femaaeo  earthquake*  241  aocelerogrene  and 
at  leest  100  aftenhock  remrds  were  recorded.    The  magnitude  5.9  Point  Mugu  earthqtiake  in 
1973  pzoduced  316  acceletograph  records.    Bvm  the  recovery  of  lesser  interest  records* 
such  as  from  the  Point  Hugu  earthquake,  presents  a  fosnidable  task. 

The  interrogation  system  proposed  above  will  be  of  considerable  assistance  in  record 
recovery  as  it  say  be  used  to  monitor  instrument  operations  after  locally  felt  earthquakes 
that  otherwise  are  not  damaging  and  of  relatively  little  significance.  For  instance,  fre- 
quent siT.all(5r  carthq'jakes  are  felt  in  the  Los  Anqclos  area,  but  it  is  impossible  to  deter- 
Bine  which  instruments  have  been  triggered  without  actually  visiting  each  site. 

Considering  the  present  size  of  the  network  m  southern  California,  an  earthquake  in 
the  magnitude  6.5  range  near  Los  Angeles  would  result  in  700  original  records  and  at  least 
200  aftershock  records.     It  is  estimated  that  some  3,500  feet  of  data  would  be  simultane- 
oulsy  obtained  o;.  a  variety  of  recording  inetiia,  i.e.,  152-frira  and  3Q4-mni  photographic 
paper  and  35-mm  and  70-mm  film.    To  collect,  develop,  and  label  such  a  large  set  of  records 
froB  a  aingle  event  ia  a  project  of  ataggering  proportions,  particularly  when  a  large 
anonnt  of  tins  mist  be  allotted  to  dealing  with  the  inquiries  fro«  engineers »  sci«ttists« 
and  public  officials.   For  exanple#  it  took  nearly  4  weeks  effort  by  the  entire  SPS 
ataff  just  to  collect  and  develop  all  the  records  obtained  during  the  Sanfemando  earth^ 
quake. 

After  an  earthquake,  SBB  field  personnel  proceed  to  the  spioentral  area  as  rapidly 
as  possible  to  retrieve  records  and  return  the  instrunenta  to  their  pre-earthquake  condi- 
tion.  They  carry  sufficient  provisions  needed  for  extensive  reoovevy*  e^eelally  loaded 
filB  and  paper  sAgasinea  to  replace  those  that  have  sttbstantially  reduced  aviEplies  bseause 
of  the  aartfaqoeke  cperatione.    Upon  entering  the  etetion  the  technician  will  ttbrndk  the 
aignal  coxatter,  put  calibration  data  on  the  record,  and  advance  sufficient  film  into  the 
take-v^  nagazine  to  assure  protection  from  light  when  the  instnawnt  is  opened*   The  re- 
cord is  then  removed  and  labeled  (etched  on  film  or  written  on  paper)  with  the  station  nSBa^ 
accelerograph  serial  number,  date  of  record  recovery,  and  date  of  earthquake,  if  known. 
Finally,  the  accelerograph  is  restored  to  its  normal  operating  condition  and  the  counter 
reset  to  zero. 

The  records  are  returned  to  the   local  SEB  office  for  photographic-  jirocosaing ,      In  the 

past,  this  has  been  accomplished  by  sight  developing  because  of  the  instruments'  variable 
launp  intensity  and  the  possibility  of  accidental  fogging  during  record  recovery.  Consid- 
ering the  potentially  large  nvmiber  of  records  from  future  earthquakea,  aone  effort  is 
being  expended  to  provide  automatic  developing  pracedures.    A  paper  acoelerogran  proceseor 
Is  being  tested  that  will  develcpf  fix,  and  dry  the  records  in  one  operation.    A  70-n  film 
dryer  is  now  in  operation,  and  the  use  of  complete  film  proceasing  aystsns  are  being 
investigated. 
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httmt  daiwlqpoMtttf  th»  Mcetd*  »xm  iiBgurarlly  l«b>l<d  by     Cixing  a  smad  atleUr 
with  tlM  atatioii  vtsm,  iiurtcuMAt  iuab«r«  and  data  of  tba  earthqpiaka.   Pecnanant  lafaala  am 
latar  pBodaoad  bjp  typitig  tba  followliig  inforaatlon  an  Batta-finlah  ^Imr  plaatiot  station 
tuna,  pacMuuiBt  atatiw  wmb&t,  tastegaaat  typa  and  aavlal  traabar,  data  of  aaxtiniuaka  In 
totb  CM  and  local  tiaa,  and  tlia  pluyaloal  conatanta  of  tha  individual  ooaponanta  Inolndlng 
orlantatlon*  aanaitivity,  pariod  and  daiplng  (Fignra  5) .   Tbeaa  labala  ara  spliced  diraetly 
to  tha  <»lginal  xooordf  noznally  jnat  In  front  of  tha  pra-aarthgoaka  oallbration  data*  Vha 
xacorda  ax*  than  traaafanead  to  sn*a-  data  natiajanant  aaetion  fbr  ttm  pcoduetlon  of  dia- 
tribtttlon  oqpias  and  aobaaqnant  pxooaaslng  and  aaalyaia. 
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U.  S.  GEOLOGICAL  SURVEY 
SEISHIC  ENGINEERING 


MTE  6-5-74 


STATION  U611  San  Vicente  aivd. 
ADDRESS  Br<Bt»ood 


STATION  »  $75 


CONTACT       Fad  Wiley 


POSITION       Building  Eagineer 


CITY  Iio>  toaalt 
PHONE  826-0889 
KEYS  1 


INSTRUMENTS  SMr-l 


s/n  M14  GnA  L- 

s/n  1415  6th  V- 
S/n    1416  Roof(ll)  T- 


S  05  W 


Down 


S  85  E 


TOPO  SHEET     Beverly  UHIm 


C0-QRD34.O5  M    U8.25  M 


THoms  m  p.#  iA«4i 

OHNER  CODE  Lk 


CROSS  STREETS  s.  Vlcenf  -  BrinahM 
ORIENTATION  VERIFIED  Yes 


DESCRIPTION    Encer  pkng.  from  rear.    Ground  -  enter  acc,  rooa  fron 
drlvewy  to  twwmd  level  pkng.  (San  Vicente  aide).   6th  -  en  cutrel 


eete  eaet  of  el»  Hoof  -  el«  to  10,  HM  atalre  to  roof,  3rd  door 
In 


San  Vic««it« 


Figure  4.  Typical  accelerograph  station  access  sheet. 
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Strong-Notion  Data  HaaageBient 
by 

Christopher  Rojahn 
U.  S.  Geological  Survey 
San  Francisco,  California 

ABSTRACl^ 

Hm  Salaado  BaglnMring  Branch  (SEB),  of  the  Office  of  Bexthquake  Studies f  U.  S. 
Geological  Survey »  is  funded  by  the  National  Science  Foundation  and  is  revoaslble  for  the 
developnent  and  naintenance  of  a  national  network  of  strongHHotion  instrunents  and  for  the 
processing,  nanageaent,  and  dissenination  of  data  obtained  fron  those  instruaents.  Data 
■anageomt  is  central  to  the  entire  strong-notion  prograni  it  serves  as  a  focal  point  for 
the  functions  of  ardiivlng  the  records,  processing  the  data,  and  disseninating  both  the 
data  nnd  information  iibout  the  prograH  to  the  user  coosmnity.    In  the  archival  phase  r  all 
records  are  stored  by  station  and  cataloged  both  by  event  and  by  station.    In  data  pro- 
ceasing  f  all  significant  ground  and  basenent  level  records  are  digitised  after  whiA  the 
raif  digitised  data  is  used  to  generate  the  following  t    unoorr acted  acceleration  tlstt- 
historiesi  velocity  and  displaoesMnt  tiM-historiest  and  various  foms  of  fre^iency  dooiain 
vectra.    Both  SBB  and  the  EnvirooBHatal  Data  service  of  the  National  Oceanic  and 
JktBospharie  Administration  are  involved  in  th»  data  and  information  dissenination  opera- 
tion.   Each  organisation  distributes  data,  irttereas  SBB  is  solely  responsible  for  the 
dissemination  of  information  about  the  strong-motion  program.     Various  U.  S.  Geological 
Survey  professional  papers  and  circulars  are  the  prinary  nedia  through  which  the  latter 
function  is  acconiplished. 


Bay  Words:   Aecclerograpbss  Data  Processings  Earthquake  Records;  Strong^notion  Dat# 
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Introduction 

The  Seisnic  Bnginotring  Br«iieb  (SBB)  e£  the  Office  of  Bazthqueke  StwUea.  D.  8.  Geo- 
legicftl  Survey  (oepwtnmt  of  Intorior)  *  i«  v«QOMlble  for  the  deiveloi»«nt  and  BMlatWHUie* 
of  a  nationnl  natmoizk  of  ■tzang-aotion  inBtnaants  tnd  for  Oie  pzocoralng*  ■tarago*  and 
diueaiaatiaa  of  data  obtained  froa  those  instnaMinte.    Xn  order  to  oarzy  out  tJieee 
geaponalfcilitiaa »  SBB  oonoentrates  its  efforts  on  the  followlag  aotivitiesi  progzaa 
aanagenent*  natMozk  design^  netHork  operatioosf  data  aanageoMintr  and  research  and  ^Bplioa- 
tions.   Data  nanageoMntt  the  subject  of  this  pupsTf  is  central  to  8a*»  entire  streng- 
action  progrsa.    It  serves  as  a  focal  point  for  the  functioos  of  <1)  archiving  tiia  rsoordSf 
(2)  processing  the  data*  and  O)  dissssiinating  both  the  data  and  inforaation  about  th»  pn- 
grsB  to  the  engineering  seianfology  researdi  coMMiai^*  the  structwal  design  ooaawnttyi 
and  regulatbry  agencies  at  the  radaralr  statSf  and  local  levels.   All  three  funottoas  are 
discussed  in  detail  in  sidMequmt  portions  of  this  paper. 

Badcotound  Inforaation 

SBB*s  data  nanageomit  functions  were  first  outlined  in  a  proposal  »ubBit.t«d  to  the 
national  Science  Foundation  (MSF)  in  July  1974.    During  the  year  prior  to  that  tlae*  SIB 
cpecatsd  under  general  1I8F  funding  in  a  transltianal  stage  during  idiicfa  its  reqponsi- 
bilities  and  functions  vara  fozaulated  and  defined  in  detail.    Before  that*  (i.e.*  v 
until        27,  1973,  vhen  SBB  was  fosaod  as  part  of  the  U.  S.  Geological  Survey)*  the 
office  existed  as  the  Seisaological  Field  Survuv  <SF8}  in  tJie  national  Oceanic  and  Atm- 
pheric  Mministraticn  (HOM>  of  the  0.  6.  Dapartaant  of  GaoMrce.    In  general  *  the  8F8  bad 
faamr  responsibilities*  a  saaller  staff*  and  substsntially  less  funds,    m  particular*  Hie 
data  aanaganent  function  was  the  responsibility  of  XOAA's  Environaental  Data  servloe  (IDS)  * 

As  a  result  of  the  JUly  1974  proposal*  RSF  aaszdsd  SBB  a  grant  of  $700*000  annually 
to  develop  and  assnns  prlaary  respemibili^  fcs-  the  U.  S.  stxcng^aotion  progzan.  Itae 
funding  was  approved  in  principle  for  five  years  and  will  be  increased  annually  in 
accordance  with  a  nominal  inflation  factor,    of  the  total  annual  amount,  $240,000  heis  been 
allocated  for  data  management   (FY  1975) .     This  level  of  funding  has  enabled  SEB  to  acquire 
three  additional  staff  members  in  data  management.     Consequently,  in  addition  to  the  pro- 
ject chief,   there  are  now  six  persons  working  on  data  m£Uiagement--one  geophysicist,  one 
mathematician,  one  computer  specialist,   two  physical  science  technicians,  and  one  clerk 
typist.    In  contrast,  there  are  16  persons  assigned  to  other  5£B  projects  (22  staff  BtaiBbers 
in  total). 

In  its  present  form  the  national  network  of  stron<j-motion  instruments  contains 
approxiatately  1300  acoelerographs  located  primarily  in  California  but  also  throughout  the 
nsMitnilsr  of  the  seisaically  active  areas  of  tha  Q.  S.   oihe  instruaents  are  oaaed  by 
Fiederal*  Stats*  and  local  aganciea*  universities*  private  firas  and  individual  a*  and  othair 
independent  group*.    SBB  acts  as  the  priaary  coordinator  for  the  dsvelopaent  and  aalatw 
anca  of  tiia  entire  netamrk  and  asawss  overall  revensibilitgr  for  raooxd  oolleetion*  rceocd 
ardiiving*  data  analysis  and  data  dlssaal  nation. 

At  present*  the  vast  aajority  of  instnawnts  in  the  natwoEk  are  triaxial  optical' 
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nadianical  accftlttrografihs  that  raoord  thraa  strong-flMstlon  traoas  par  racord.    taoag  the  new 
tnetallationSf  howeiviar*  are  renote  reoording  syetens  that  record  up  to  12  etrong^notlon 
traoas  per  record.    In  addltionf  direct  digital  recording  aystona  are  also  expected  to  be 
inetalled  In  the  near  future,    ihese  dlfferencee  in  the  types  of  reoordlng  eyeteiM  and  the 
nuiber  of  treeee  per  record  have  Made  It  neeeseary  to  doelgn  a  data  nanagenent  system  that 
can  handle  a  ▼arlety  of  data  f«ine* 

Archival  System 

As  of  December  31,  1974  approximately  3200  strong-motion  records  had  been  obtained 
from  U.c  national  network  of  stroncj-motior.  Aniitru.-nents.     Although  the  first  record  was 
generated  in  1932,  the  vast  majority  have  been  obtained  since  the  mid-1960 's,  when  the 
mmbMC  of  litstruwents  in  the  netNork  began  to  increase  rapidly.    Many  of  the  records  are 
on  6-inch  and  U-inch  (152-aB  and  SOS-em)  paper,  a  few  are  on  35-nBi  fllsif  but  aoet  are  on 
70-HR  film.    It  is  expected  that  most  of  the  records  obtained  in  the  near  future  will  be 
on  70in  flln»  a  svibetantlal  number  of  others  will  be  on  various  siaes  of  paper  and  film 
(12-inch «  35-nB«  and  others) ,  and  a  few  will  indoubtedly  be  on  magnetic  tepe. 

The  records  are  archived  by  station #  which  is  defined  as  the  geographic  location 
at  which  an  instrument (a)  is  (are)  located  (e.g.  a  building  housing  three  inatrumenta  con- 
stitutes one  station).    Ihera  are  one  or  more  storage  containers  (depending  on  the  number 
of  existing  records)  reserved  for  eadt  station.    The  35^ni  and  70-flo  film  recorda  are 
atorad  in  2  7/8-incfa  (73-w)-high,  3  3/4-incJi  (95-mm)  inner  diameter  light-weight  metal 
canisters »  the  larger  film  and  paper  records  are  stored  in  15-lnch  OBl-nmnj-long/  2  7/8- 
inch  (73-mm)  iiuier  diameter  nediumnrall  cardboard  tubes.   Each  ocntainer  is  lebeled  with 
the  station  name  (address  or  structure  title) §  assigned  station  maiberf  and  date  of 
event (s) of  records  stored  therein.    Meaaurea  have  been  taken  to  ensure  that  the  archival 
roan  is  as  fire-proof  as  possible. 

Prior  to  permanent  storage,   the  records  are  labeled,  and  high-quality  digitizable 
Riylar  copies  are  made  of  all  those  considered  significant  (in  general,  ground  or  basement 
level  records  having  a  maximum  accelerdtion  greater  than,  or,  equal  to  O.lOg). 
Beginning  ir.  middle  or  late  1975,  one  mylar  copy  will  be  sent  to  each  of  the  following: 
the  SEB  branch  office  in  Los  Angeles;  the  California  Institute  of  Technology  in  Pasadena; 
the  Environmental  Data  Service,  NOAA,  in  Boulder,  Colorado;  and  the  instrument  owner.  All 
other  xeooxds  are  archived  wltliout  being  copied  unless  there  is  a  specific  request  to  do 
eo. 

One  other  isiportant  part  of  the  archival  process  is  the  preparation  of  an  "event  and 
station  information  card"  (figure  1)  for  eeoh  stroag-aotion  record.    The  card  is  pr^ared 
as  soon  as  a  record  is  received  and  contains  all  pertinent  station  and  event  information. 
Instruments  constants #  maximum  accelerations  and  epi*central  distance.   One  cqpy  is 
filed  in  a  station  file,  and  a  duplicate  is  placed  in  an  event  file.   Eventually,  the 
information  from  both  filee  will  be  published  in  catalog  form  and  will  be  mede  available 
on  a  computerised  data  file  tbat  can  be  queried  by  remote  terminal. 
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S8B*8  data  pcooesaing  syatia  la  avoiving  ftoai  in-hoiue  dewaloipawnta ,b«t  Buoh  of  it  im 
pattemad  aftar  the  methodology  dovalopad  by  tba  California  Uistituta  of  nadnology  (CIV) 
during  tha  digitisation  and  analyala  of  tha  Tabniazy  9,  1971  San  fanando  aarttaquaka 
atrong^^Kktion  raoorda  (1).    Prior  to  tiia  amzd  of  tha  1974  MSF  grant,  SBB'a  data  prooaaalaf 
ayatan  traa  anallar  in  soqpo  though  ainilar  In  fom.    Praaantly*  it  ia  being  enpandad  to 
handla  a  larga  voIum  of  racorda  in  a  ralatlvaly  short  tlna* 

Afl  a  onttar  of  oouraa*  SBB  plana  zoutinaly  to  procasa  all  algnif  leant  ground  and  baaa- 
mut  laval  raoord*.   lha  pcooaaaing  of  «ach  raeord  oan  ba  aubdivldad  into  savaral  jlttaaat 
raeord  difitisatiettf  ooavaraioo  of  raw  digitiaad  data  to  unoerraetad  datai  eenvaraiott  of 
uncorrected  data  to  oorraeted  data  and  tha  ganaration  of  velocity  and  dioplaeamant.  tiaa- 
histories;  and  the  gaaaration  of  various  forms  of  fraqpaanoy  dooain  spectra.    Pbasea  two 
through  four  are  accomplished  through  the  use  of  three  cmqputers,  a  CDC  6400 ,  CDC  &600>  and 
a  CDC  7600,  all  of  which  arc  located  in  Berkeley,  California.     All  COOfputer  programs  are 
submitted  in  batch  or  time-share  mode  either  at  Berkel-^y  or  via  one  of  the  remote  terminal 
systems  at  the  U.  S.  Geological  Survey  (USGS)  computer  center  in  Menlo  Park,  California. 

The  first  phase  of  data  processing   (i.e.  record  digitization)   is  not  carried  out  ia- 
housc.     Instead,  digitization  services  are  being  procured  from  the  following  external 
organizations:     Dynamic  Graphics  of  Berkeley,  California;   I/O  Metrics  of  Sunnyvale,  Cali- 
fornia;  and  EDS/nOAA  of  Boulder,  Colorado.     Dynamic  Giaphics  uses  a  manual  film-plane  digi- 
tizer and  is  presently  able  to  digitize  both  enlarged  film  and  normal-sized  paper  records 
on  a  routine  basis.    The  systen  is  particularly  appropriate  for  those  records  that  cannot 
ba  digitlaad  antonatioally,  that  la,  thoaa  raoorda  that  ara  not  %fall  dafinad«  are  non- 
oontinuouaf  and  hava  overlapping  traoaa.    NMMally*  the  firm  ia  reqMeatad  to  digltlae  all 
peaks*  vallaysr  and  inflection  points  at  a  latntiwi  rate  of  50  pointa  per  aeoood.  I/O 
Hatrios  haa  developad  an  aatoaiatio«  laaar-baaB»  traoe-following#  film-plane  digitiaar 
and  haa  aatiafactorily  danonatratad  Ita  ovabilitiaa  in  a  llaitad  trial.    Film  raoorda 
nay  be  digiticed  diraetly*  aiieraaa  paper  raoorda  Must  be  rapreduead  on  7(HNn  filB  bafbca 
digitisation,   the  ayatam  la  aapaolally  appropriate  for  vail  defined,  oontinnoaa»  aon- 
overlapping  traoea»  and  la  notable  fee  ita  bi^  pcooasaing  apaad  potential  (the  fixn 
astlmataa  that  it  oan  aoeurataly  digitise  an  avaraga-siaed  strong-ttatien  raeord  in  half 
an  hour),   normally p  raoorda  are  diffitisad  in  Inoranenta  ranging  in  width  from  25  to 
50  adoroa.    EDS  uaee  an  autenatlo  faster-scanning,  equal- increnant  digitising  ayat«i 
(VISICON)  which  la  capable  of  scanning  &  12  -k    5-inch  (305  x  635-aBl}  record  at  a  maxincM 
rate  of  200  saitqples  per  inch  (approximately  79  samples  per  centimeter)  .     Records  digi- 
tized on  the  system  are  currently  being  evaluated  by  SEB.     It  is  anticipated,  however, 
the  system  will  be  satisfactory  for  processing  both  paper  and  enlarged  film  records.  In 
total,  the  three  external  organizations  collectively  provide  SEB  ii^th  the  capability  fo* 
digitizing  a  large  volume  of  records  in  a  relatively  short  time. 

SEB  requires  that  each  external  organization  submit  its  digitized  data  on  magnetic 
tape  or  punched  cards  in  a  preselected  format,  and  th^--       be  accomptinied  by  a  full-scale 
plot  of  the  data  (a  plot  at  3x's  scale  is  also  frequently  required  for  film  records) .  Each 
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plot  than  undsrgoas  a  qwlity  control  ^Mck  wlwraby  It  is  visually  ooo^rwd  to  tha  oiri^inal 
Eaoocd  (or  Sic'a  aeala  copn)  ^th  tha  aid  of  a  low^pcmar  nagnifylng  lana.    If  tha  plot  of 
tha  digiticad  data  appaaxa  to  ba  truly  rapraaantativa  of  its  analog  countarpart  tiia 
digitiaad  data  ara  aocqptad  for  si^aaquant  phasas  of  pcooasaing.    If  not*  tha  original  rae» 
ord  is  radigitiaad. 

In  tha  saeond  phasa  of  data  procassing*  tha  raw  digitlsad  data  ora  converted  to  nhat 
ia  refarred  to  as  "uncorrected  data"  (2).   At  this  time,  all  paper  cnr  film  distortions  are 
ranowdt  and  acceleration  and  time  are  crosB^COrrelatad  in  order  to  express  acceleration  as 
a  function  of  tine.    The  final  product  is  permanently  retained  on  either  magnetic  tape  or 
pxinched  cards  (in  the  near  future,  such  data  will  also  be  stored  on  microfilm  ) #  on  a 
digital  listing,  and  as  a  time-history  plot. 

During  the  third  phase,  uncorrected  data  are  converted  to  "corrected  data"   (3),  and 
velocity  and  displacement  curves  are  generated.     Instrumental  and  baseline  corrections  are 
first  applied  to  obtain  true  ground  acceleration   (corrected  data).     Single  and  double 
integration  processes  are  then  used  to  generate  velocity  and  displacement  time-histories. 
The  data  are  permanently  retained  on  either  magnetic  tape  or  punched  cards   (in  the  near 
future*  such  data  will  also  be  stored  on  microfilm ),  on  digital  listings,  and  in  plot 

Daring  tha  fourth  and  final  phasa  of  data  processing  *  various  foms  of  frequency 
doaain  qpaetra  ara  ganaratad.   Along  theee  ara  the  spectra  routinely  calculated  and 
plotted  by  CIT  (4r  5)  during  tha  processing  of  the  San  Fernando  earthquake  strong^wtion 
raooKdst   imkIiimb  ralatlva  velocity  response  spectra  (figure  2);  relative  displacement « 
pseudo  velocity  response*  and  pseudo  acceleration  spectra  plotted  on  tripartite  paper 
(figure  3) i  and  VOurier  aiplitade  qpectra  (figure  4) .    In  addition*  SB8  has  developad  two 
otliar  forms  of  plots  (6)  that  give  substantially  mors  insight  into  the  nature  of  strong- 
motiont   relative  velocity  response  wtvelopa  spectra  (figure  5) ,  and  time-duration  spectra 
of  tiM  fgpoaw  mvelopo  (figure  6) .   All  five  forms  of  «pectra  are  permanently  retained 
on  digital  listings  and  in  plot  form. 

Data  And  Informaticn  Dissemination  System 

InformaLion  ajoout  the  SEB  strong-motion  progran  is  disseminated  solely  by  SEB,  whereas 
the  actual  strong-motion  data  are  disseminated  both  by  SEB  and  SDS.    EDS  is  the  distribu- 
ting agency  for  the  uncorrected  and  corrected  data  generated  by  SEB.    Such  data  are  made 
available  in  punched  card  form  and  on  magnetic  tape  (7  or  9-track) .    EDS  also  provides 
analog  copios  of  strongs-motion  raoovds  on  7(Hu  filai  clips  (asproKinstely  8x*s  reduction) 
and  on  35-mi  film  reals  (12 's  reduction)  and  is  being  re^iested  to  develop  the  capaibili^ 
to  pKoduca  blna^line  full-'soale  analog  eqpies*    Beginning  in  middle  or  late  197S*  SB8 
will  public  routine  data  radnetion  and  analysis  results  in  a  series  of  v.  s.  Qaologioal 
Survey  professional  papers.   It  is  expected  that  each  professional  pwer  will  oevar  one 
ealendar  year  and  will  contain  idM  follOHring  data  for  all  aignifieant  ground  and  basement 
level  -teoords  generated  in  that  yaari   uncorrected  and  corrected  acceleration  time" 
histories)  velocity  and  displacement  time-histories i  and  the  five  forms  of  ^ectra  das* 
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Grilled  In  the  Mction  on  data  pcecMSing.   la  addition,  sbb  alao  diatributM,  iffon  z«qpMat« 
blvwilna  analog  copias  of  all  xacords  net  Mda  avallabla  thcoosfb  BOS* 

mfonnation  about  the  stcong-Mtioo  fcegran  ia  diaeeminated  pvinwrily  tlireimb  the 
following  ptd»licationat   the  "selaado  xngiaaarlng  Frograv  MfKwt,"  a  USGS  oizovdav  pub- 
lished quarterly;  "Strong-Motion  Accelerograph  Station  Locations  Listing,"  a  USGS  circular 
publiahed  annually;  "Strong-Motion  Accelerograph  Station  Descriptions"  (tentative  title), 
a  series  of  USGS  professional  papers;  and  "catalog  of  Strong-Motion  Records,"  tentatively 
planned  as  a  joint  USGS/NOAA  publication   (to  be  issued  as  a  USGS  professional  paper) .  All 
circulars  are  issued  free  of  charge  on  request  (the  current  mailing  list  contains  names  and 
addresses  of  approximately  2300  recipients) .    The  professional  papers  receive  a  liflLit^ 
free  distribution  but  can  be  purchased  for  a  nominal  fee. 

The  first  issue  of  the  "Seismic  Engineering  Program  Report"   (7)  was  published  in 
Deceatber  1974  as  U.  S.  Geological  Survey  Circular  713.    it  contains  a  listing  of  1972  and 
1973  aoeelerograph  ceoocda  and  a  deaeriptlon  of  the  then-ourrmt  atatua  of  tiia  SEB  atzoBg^ 
notion  prograa.    The  aecond  laaue^  adiednled  for  publication  in  tiie  spring  of  1974,  ooo' 
taina  a  liating  of  1974  accelerograph  reooxdaf  tao  articlea  br  SBB  ataff  awtoara  (one  on 
the  Latin  Aaerieen  and  Caribbean  atcang-^otion  prograna  and  one  on  recent  develogawnta 
in  atrangrnotlen  iaatrunantatien)  ,aiid  notM  on  raeotd  corxaetions  and  the  availability  of 
atrong^ootlon  data*    Future  iaauea  vill  eentaia  aiailar  lafoxiiation  with  all  liatad  data  aa 
currant  aa  practicnble. 

alia  first  iaaue  of  the  "strong-Motion  aoeelarogracih  station  i^cationa  Liating"  is 
scheduled  for  publication  in  ■id-197S.    it  will  contain  the  folloifing  data  for  all  statiOM 
inatalled  in  the  national  netaork  prior  to  January  1#  197$ «   station  nn«ber«  loeatlont 
country,  atruetura  type/aise,  instrunent  loeation(a),  coordinates,  and  source (s)  tot  data. 
The  list  will  be  routinely  updated  in  the  "Seismic  Engineering  Program  Beport."  The 
second  issue  of  the  listing  will  contain  the  same  information  for  all  stations  installed 
prior  to  Januar,'  1,  1976  and  will  be  published  in  early  1977.    ginilar  liatlnga  will  be 
published  annually  thereafter. 

The  content  and  format  for  "Strong-Motion  Accelerograph  Station  Descriptions"  have  not 
yet  been  firmly  established.     it  is  probable»  however,  that  the  descriptions  will  contain 
the  following:     location  data  including  the  geographic  coordinates,  road  and  topographic 
naps,  and  an  exterior  photogrskph;  geologic  data  including  a  brief  seismic  history  of  the 
area,  the  proxiaity  of  faults,  if  any,  a  verbal  dascxiption  of  the  regional  and  local  geol- 
ogy, eroB8>Beetion(s) ,  fomation  descriptions,  and  depth  to  water  table;  and  aoila  data, 
when  available,  including  boring  lege  and  MasuraMsnts  of  densii^,  standard  penetration 
▼aluea,  md  P-  and  S-wave  velocitiea*  If  there  is  a  structure  at  the  site,  each  station 
daaoriptSon  will  (tentatively)  include  t    ^ppical  plan  view  (a)  indicating  lateral  force 
reaisting  elenents,  oriratation,  diamsionB,  and  the  center  of  maaa  and  center  of  rigidity 
of  each  floor  or  naas  elsMnti      Qfpieal  aeotian(a)  of  the  full  atruoture  showing  dlaan- 
sionsf  general  design  infctematicn  (e.g.,  ande  tfiaipea  and  f requenciea) i  and  the  source 
where  additional  InforMatioo  wy  be  obtained  (e.g. ,  thO  deaign  engineer) . 

It  ia  planned  that  the  ^'Catalog  of  Strong*iiotion  Racorda"  contain  a  liating  of  all 
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accelerograph  records  obtained  from  the  national  network  of  Strong-mtion  instziiments  sine* 
its  inception  in  1932.    Records  will  be  listed  both  by  event  and  by  station  showing  epi- 
oentral  distance,  maxinnan  acceleration  whenever  available,  and  various  data  sources.  The 
frequency  of  publication  has  not  yet  been  established,  but  is  ei^ected  to  be  ennually« 
biaimually,  or  even  less  frequently. 

Sunaary 

ftM  Selraie  Engineering  Branch  (Office  of  Barthgtiake  StodieSf  U.  S.  Geological 
Survey)  is  funded  by  the  Nationid  Science  Foundation  and  is  responsible  for  the  develcfnent 
and  naintenance  of  a  national  network  of  strong^iotian  instrunents  and  tor  ttie  pxoeessingr 
nanagenent,  and  dlsssaiiiuition  of  data  obtained  from  those  instrunents.   Dat*  Huiagwent  Is 
cwo^tral  to  the  entire  stroag-motion  program  it  serves  as  a  focal  point  for  the  functions 
of  arcihiving  the  records*  pxoeeeslng  the  data*  and  disseninating  both  the  data  and  infor- 
mation about  the  program  to  the  user  oosnunity.    In  the  ardhival  phase »  all  records  are 
stored  by  station  and  cataloged  both  by  event  and  by  station.    In  data  processing »  all 
significant  ground  and  basement  level  records  are  digitised  after  whicte  the  raw  digitised 
data  is  used  to  generate  the  follOMlng:    uncorrected  and  corrected  acceleration  tine- 
histories  ;  velocity  and  displacement  time-histories}  and  various  forms  of  frequency  domain 
spectra.    Both  SEB  and  EOS  are  involved  in  the  data  and  information  dissemination  operation. 
Each  orqar.izatior.  distributes  data,  whereas  SEB  is  solely  responsible  for  the  dissemination 
of  inforrr.ation  about  the  stroiig-rr.otion  program.     Various  U.  S.  Geological  Survey  profes- 
sional papers  and  circulars  axe  the  primary  loedla  through  which  the  latter  function  is 
accon^llahed. 
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ABSTRACT 

lb  oovcelate  tlio  actual  liquefacticii  phaiwwma  and  site  conditions »  a  literature  survqr 
about  tbe  liquef aotlon  phenoawna  caused  hf  aarthquakes  during  the  last  century  in  Japan 
Mas  perfoxned.   A  liquefaction  distribution  map  of  Japan  and  the  regional  nape  of  Kanto* 
Hobl  and  Hokurlktt  are  presented  and  the  factors  related  to  liquefaction  are  discussed. 

During  the  last  century  liquefaction  in  sub-soils  have  been  observed  at  some  hundred  sites 
during  44  eazthq|u«kes  where  the  sites  were  iinited  to  alluvial  deposits  and  reclaimed  lands. 

Furthermore,  It  was  found  that  liquefaction  occurred  repeatedly  in  different  earthquake 
sones.    The  estimated  JMA  intensity  scale  factor,  at  the  liquefied  sites  was  more  than  five 
which  means  a  maximum  acceleration  of  80  to  250  gals.  extent  of  the  liquefied  zones  are 

liioited  .  depending  on  the  ntagnitude  of  the  eeu:thqu«J(e. 

Key  Words:    Alluvial  Deposits;  Earthquakes;  Epicentral  Discance;  Liquefaction;  settlenent; 
SoUe. 
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mtroductioii 

Host  structural  damage,  caused  by  settl— fit  or  inclination  due  to  Ilquiefaction  of 
saturated  sandy  subsoil,  has  inevitably  occurred  during  major  earthquakes.    In  accordance 
with  the  prediction  of  liquefaction  potential  of  subsoils,  a  number  of  researcb  efforts 
have  been  expended  by  means  of  laboratory  tests  and  in-situ  tests.    Meanwhile,  correlations 
between  the  actual  liquefaction  phenomena  and  the  site  conditions  has  raroly  been  investi- 
gated.        Recently,  case  reviews  on  the  correlation  of  liquefaction  have  been  performed  at 
several  sites  in  Japan   (Miyabe,  1933,  Kishida,  1969,  Ishihara,   1974  and  lida,   1974).  Be- 
cause many  interesting  facts  have  been  obtained  from  these  reviews,  more  reviews  on  this 
subject  are  expected-     This  report  contains  the  results  of  a  literature  survey  about 
liquefaction  phenomena  caused  by  earthquakes  during  the  last  century  in  Japan. 

Liquefaction  distribution  naps  since  1972  are  presented  first  and  the  factors  related 
to  Hqoaf action  are  then  disoissod.    In  the  literature  on  earthquakes,  which  causad  daonge* 
tteM  OQHtains  auch  dfscription  of  tiia  liqaefactlcn  of  the  sdb-soil.    Mowavarr  post  of  tha 
dsacriptloM  bafora  1868 »  tha  identification  of  liqiiafaotion  and  ita  charactariBtica« 
hava  b««n  scimtlfioally  qnaiifiad.    Zn  tha  daacription,  avidancaa  of  llqaafacticn  in  tha 
aub-aoil  are  given  fros  i)  vatar  spouting  with  sand  or  and  from  wells  or  craoka  in  tha 
gcouadf  ii)  sand  boils  or  sand  volcanoaa*  iii)  axoassiva  settleswnts  of  heavy  atructures 
piBosd  on  saod  layers^  and  iv)  qpliftiag  of  weodan  piles  froa  rice  pad^,  or  of  caissons 
under  construction  frcm  river  bade.    JIbout  150  papers  or  reports  have  provided  inforaaticn 
on  liqpMfaetion  during  44  aarthguakasi  as  listad  in  T«bla-1. 

Liquefaotion  Distribution  Haps 

vorty-fonr  aarthquakaa  have  caused  llquafaoticn  of  the  aub^soil  in  Japan  during  the 
past  csntury.    Vha  epicenters  of  tha  aarthquakaa  and  locations  where  ligpafaction  has 
occurred  is  shown  in  Pig.  1*   vha  oharaetaristics  of  the  earthquskas,  which  include  dabe, 
■agnituda,  focal  da^Utr  epicenter  location  and  the  »«vber  of  the  deaths  are  alao  listad  in 
IDBbla  1.   Idzga  asrthqpake  ns^nitudas  canaa  liquafsetions  in  wide  areas  aseept  for  aavaral 
oases*  as  diown  in  rig.  1.   JUwng  tha  larga  soala  aarthquakas  %fara  ho.  4  (Mobi) ,  Mo.  12 
(Oono) «  Mb.  IS  OCanto) ,  HO.  22  (Mishi-Saitaiia) «  no.  34  (Pukui)  and  MO.  42  (Mligata)  as 
shown  in  Table  1  which  caused  wide  distribution  emd  violent  liquefaction  of  the  sub-soil. 
Moderate  scale  eaurthquakes ,  No.  6  (Shonai) ,  No.  8  (Rikuu) ,  No.  16  (Tajima) ,  No.   31  (Tonan- 
kai) ,  and  No.  44  (Xokachi-okl)  caused  local  violent  apouting  of  water  or  a  nunber  of  large 

sand  volcanoes . 

Microscopic  features  of  the  regions  of  liquefaction  are  closely  distributed  as  shown 
in  Figs.  2 ,  3  and  4  which  depict  Kanto,  Nobi  and  Hokuriku  regions,  respectively. 

Kan to  Region 

In  the  Kanto  region  during  the  earthquake  Mo.  5  (Tokyo),  spouting  of  water  with  dark 
blue  or  black  fine  sand  from  cracks  of  subground  were  observed  in  many  places.     In  Fig.  2 
the  sites  of  liquefaction  are  denoted  by  solid  circles  with  numeral  char actors  of  1  to  18, 
which  are  distributed  only  in  alluvial  areas  and  close  to  the  epicenter.     About  30  years 
after  this  earthquake,  the  Kanto  region  was  subjected  to  earthquake  No.  is  (Kanto),  which 
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was  one  of  the  aoet  disasteious  earthquakes  in  Jspanese  histozy.    Sites  of  liquefacticaif 
chnring  this  eartliqMaikSr  as  denoted  by  holXow  triangles  in  rig.  2  are  very  iridely  soattezed 
in  the  alluvial  plains  in  the  xanto  region,    it  is  interesting  to  note  that  eany  liquefied 
sites  ace  concentrated  on  the  original  winding  river  course  of  the  exlstins  Tone  river  lo- 
cated in  the  north  east  of  ffdqfo.   Mbout  three  hundred  and  fifty  years  ago,  the  estuary 
of  the  Tbne  River  was  linked  by  nan  to  the  Pacific  Ocean.    Ihe  original  Tone  River  had 
flowed  into  Vcdqro  Bay,  defpositing  a  very  deep  and  soft  sand  layers.   Because  the  river 
course  was  nodified,  a  higher  potential  of  liquefaction  was  retained  in  the  original  site 
in  comparison  with  the  ordinary  site  in  Kanto  plain.    In  addition  to  the  earthquakes  deS' 
crihed  above,  earthquakes  No.  7  and  No.  22  (Nishi  Saitama)  during  this  centtury  has 
caused  liquefaction  of  sub-soil  in  this  area.     In  addition  to  the  Kanto  area,  semd  bollSf 
sand  volcanoes,  uplifting  of  wooden  piles  and  caissons  during  the  earthquaJte  No.  15 
(Kanto)  were  reported  as  shown  in  Fig.   2,  where  representative  liquefied  sites  are  denoted 
by  characters  a,  b,    ...  k.     For  example,   the  site  a  is  the  reclaimed  land  in  Kawasaki  City, 
where  water  with  dark  blue  and  grey  fine  sane  ejected  from  many  cracks.     At  site  b  near  the 
epicenter,  seven  wooden  piles  uplifted  about  60  cm  from  the  rice  paddy  during  the  quake. 
These  piles  were  used  as  bridge  piles  about  800  years  ago  over  the  original  Sagami  River. 
At  site  c  many  caissons  for  a  bridge  foundations  under  construction  uplifted  fron  the 
river  bed  of  the  Sagsni  River.    More  details  of  liquefaction  situations  are  r^orted  in 
another  paper  (Kuribayashif  Tatsuaika  and  Yoshidsr  1974). 

Earthquake  No.  22  (Nishi  Saitawa)  in  1931  also  induced  liquefaction  at  many  locations 
along  the  original  and  existing  courses  of  the  Tone  River,  the  liquefaction  sites  during 
this  earthquake «  are  denoted  by  hollow  circles  as  shown  in  Fig.  2.  Severe  wator  spouting 
conditions  were  cbserved  at  sites  around  Puklage  City*  located  about  20  km  east  fron  the 
epicenter.  Large  anounts  of  water,  with  dark  blue  and  gray  fine  sand,  %>ere  ejected  about 
30  cm  high  fron  several  hundred  of  tiiesa  sand  volcanoes.  Furthemore,  the  ground  surface 
of  these  liquefied  sites  settled  about  15  en  and  the  spoutsd  mter  covered  the  ground  to  a 
depth  of  about  15  on. 

Ncbi  Ottno«owari)  Region 

The  Nobi  Region  has  been  inflicted  by  four  violent  eerthqukaes  during  ths  past  century, 
which  induced  liquefaction  at  many  sites  as  shown  in  Fig.  3.    The  nost  violent  was  No.  4 
(at  Habi)  in  1891  which  caused  %fide  spread  end  violent  liquefaction  of  tiie  Nobi  Plain  and 
Fukui  Plain.    These  locations  are  shown  by  solid  triangles  in  Fig.  1  and  by  hollow  tri- 
angles in  Piq.  3,  rsspeetively.   The  liquefied  sites  were  United  to  the  alluvial  soft 
dcyposits  along  the  Kiso,  Hagara  and  ibi  Rivers  in  Nobi  Plain  and  to  the  sites  along  the 
river  In  the  Fukui  Plain  which  is  to  the  north  of  the  epicenter.     It  should  also  be  nan- 
tioned  that  the  earthquake  No.   34  in  1948  (Fukui)  also  induced  liquefaction  in  the  entire 
Fukui  Plain  as  shown  in  Fig.   1.     One  of  the  most  violent  water  spouting  conditions  occurred 
during  earthquake  No.  4  and  is  denoted  by  a  character  "a"  in  Fig.    3.     During  this  earth- 
quake near  the  Shonai  River,  water  with  sand  ejected  over  2  m  high  from  wells  and  deposited 
sand  on  the  roofs  of  nearby  houses.     Also  at  the  site  "b",  on  the  right  bank  of  the  Shonai 
River  to  the  south  of  the  site  "a",  twelve  hundred  semd  boils  were  observed.    The  extent 
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of  liqpMf ActiOA  e«a  te  •vftluat^d  in  tli»t  4a  tai^  of  sico  p*ddi«s  ahA  fUlAt  in  tii* 
ProfootuKos  of  Alohi  and  6ifu>  war*  l^poralblo  to  ooltlvato  duo  to  sand  boilo«  aooooolto** 
ting  ropolra  and  rooomtruction* 

Blghtoon  yooxs  aftor  this  oartbqinakar  oarthqpiako  Ho.  12  (Gono)  eauaod  Uqpofaetien  at 
Muny  location*  In  tho  aorthMatoxn   pvtef  ttm  Vobi  Plain  whara  liqvafaetlon  %ma  pr«vlotMily 
caused  by  earthquaka  No.  4.    Many  areas  llquafiod  during  this  earthquake,  and  aza  danotad 
by  hollow  circles  aa  ahoim  in  Fig.  3.    Ciaao  aroaa  axo  tightly  dlatributad  and  aco  aar» 
sounded  by  the  Ibi,  Nagara  and  Kiao  Rivers. 

Earthquake  No.  31   (Tonankal) ,  during  the  end  of  World  War  II  caused  liquefaction  in 
the  coastal  region  which  has  soft  alluvial  deposits.     These  locations  are  between  the 
Cape  Omaezaki  and  the  Lake  Kamana  and  in  the  south  coastal  part  of  Nagoya  City ,  which  had 
been  reclaimed  during  the  past  hundred  and  fifty  years  before  this  earthquake.  The 
liquefied  sites  described  above  are  expressed  by  hollow  *riangles  as  shown  in  Fig.  1  and 
solid  triangles  as  shown  in  Fig.   3.     In  the  south  coast il  region  of  Nagoya  City  damage  to 
wooden  houses  such  as  settlement  and  inclination  was  caused  by  a  very  large  quantity  of 
ejected  sand  and  wator.    Also«n2my  seuad  boils  and  water  spcutings  were  observed  at  tha 
altaa  of  aavmoly  danagod  aaxoplono  faetorioa  at  Minhl-inaai  tmnif  danotad  aa  daaxnetor 

in  Pig.  3.   Doting  aavttiqualio  No.  32  (iiikaHn)  #  vlolont  boiling  of  aand  and  Mttor  hm 
again  obaasvad  at  tiia  altaa  of  tliaaa  aana  faotoriaa* 

m  ganaira^  tha  chaxaotoriatioa  of  aarthquakaa  of  larga  nagnitudOf  but  with  offalioro 
opioantora  aueh  aa  tha  aartliquakaa  Mo.  31  (TonaiftBi),  Mo.  33  (Maokai)  and  Ho.  44  (ftkadii- 
oki) ,  wiu  oauaa  liqnafaction  at  aoft  depooitaa  in  tha  eoaatal  raciiona  aa  Ohown  in 
Figuso  1. 

Hokuriku  Ragion 

rig.  4  ahowa  tha  llqiiafaotion  hlatory  of  Pxafaetoraa  of  Yanagata  and  Miigata  during 
tbm  paat  oantury.   Barthviaka  Ho.  6  (ihaaal)  *  oanaod  liquafaction  at  aany  aitas*  lihifA 
•TO  danotad  by  hollow  trlanglaa  aa  Obewn  in  Pig.  4<b} .    in  sakata  city,  loeatad  at  tha 
rlwar  nouth  of  Nogani  Hi<vorf  nuMtoua  aand  boila  vara  obaarvad  with  tha  Inrgaat  aand 
voloano  raportad  having  a  height  of  «0  c«i  and  about  3  »  in  dianatar.   Tha  araa  whara  tha 
aand  bollad  noat  violantly  woa  oovarad  by  Mnd  da!po*lta«  ainilar  to  aaaahoca  araas.  Sini' 
lar  violant  aand  boila  were  abaarvad  at  alto  2,  ahown  in  Fig.  4(b) »  whara  tha  largaat 
ooa  waa  about  9  ■  in  dianator.   Aa  liquafaotian  aite  ia  at  tiia  aana  looation  aa  oauaad  by 
aarthquake  No.  42  (Niigata) ,  as  sho%m  in  Fig.  4  (b). 

Earthquake  NO.  42  (Niigata)  is  very  famous  for  its  wide  spraad  liquafactioUf  and  tha 
subsequent  damage  to  modem  buildings  and  civil  engineering  structures.    Because  tha 
details  of  this  earthquake  have  been  reported  in  detail  hv  many  others,  only  a  summary 
will  be  given  in  this  paper.     Liquefied  zones  during  this  earthquake  are  denoted  by  hatchad 
zones,  with  numbers  of  1  to  13,  as  shown  in  Fig.  4.     It  is  important  to  note  that  thesa 
zones  are  limited  to  the  original  riverbeds  of  the  rivers  of  Shinanao,  Agano  etc.  For 
example,  the  zone  expressed  by  the  character  "a"  in  Pig.  4  (a) ,  is  the  original  riverbef^ 
of  tha  Anago  Kivar  lOiidh  was  CMxmected  to  the  Shinano  River  at  the  river  mouth  about  tbraa 
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hundred  years  ago.    This  soiw  was  than  reclained  about  fifty  years  ago  fay  depositing  sand. 
The  national  highway  Mo.  7  passes  through  this  sone^  and  its  low  bank  oo^posed  of  1  m  of 
sand  settled  do«m  about  1  n  and  moved  laterally  4  o  during  the  earthquake*    This  was 

caused  by  liquefaction  of  the  sandy  bank  and  sandy  ground,  because  boiled  sand  covered  the 
toad  surface  and  one  truck  on  the  bank  seuftk  into  the  ground. 

Dl»cus«loin«  and  Remarks 

The  study  of  the  liquefaction  phenomena  caused  by  different  earthquakes  Indicated  the 
following > 

(i)  Re- liquefaction  has  observed  in  7  zones,  shown  by  syiribols  "a"  to  "g"  in  Pig.  1 
and  as  listed  in  Table  2.    This  suggests  that  re-liquefaction  will  occur  if  the 
proper  soil  conditions  are  present. 

(ii)  One  of  the  causes  of  liquefaction  in  sub-soils  is  the  intensity  of  the  quake. 
Earthquake  intensity,  at  the  liquefied  site,  were  estimated  by  comparing  the 
Hquefaction  distribiticn  rar  r.n  1  thr  intensity  scale  distribution  map.     "lorr  this 

! rocredure,  it  was  found  that  the  estimated  earthquake  intensity  in  JMA  (Japan  Meteoro- 
logical Agency)  scale  at  the  liquefied  sites  was  greater  than  £ive«  which  means  that 
accelerations  of  80  gals  to  250  gals  occur 

<iii>  As  is  well  Itnown,   liq     :  ar-tion  zones  increase  during  the  larger  eai  thquakes .  Fig, 
5  £liow5  t;".e  T.aximun  epicentrica^  'ii_tance  of  the  liquefied  sites  R  (km)  and  the  magni- 
tude of  the  earthquake  M.    Using  the  procedure  presented  by  Fukuoka  (1971),  the  following 
is  cbtainedr 

logj^jjR  =  M-5.7  {1) 

where  Bq.  (1)  is  based  on  the  data  obtained  from  earthquakes  NO.  33  (Nahkai)  and  tto. 
42  (Miigata) ,    It  should  also  be  noted  that  examination  of  Pig.  5  indioates  the  follow- 
ing 

log^^^R  «  0.87  M-4.5  <2) 
irtiere  the  lower  bound  for  M  >  6.0  is  expressed  by 

log^^jR  " 

From  the  data  obtained  on  44  earthquakes,  a  lower  bound  of  the  liquefaction  R-M 
relationship  can  be  anticipated  by  Eq.    (3)  or  Fig.  5.     On  tho  banip  of  this  relation 
liquefaction  may  not  occur  at  any  site  when  the  distant  site  exceeds  that  value 
exiiessed  by  Eq.   (3).    For  M  =  70,  for  example,  liquefaction  may  not  occur  at 
distance  greater  than  60  km  frc»n  the  %i center. 
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A  tttxvasr  of  Muxy  rvortt  on  ••rthquakM.  dmriag  th*  iMt  eentuzy,  ebONB  that  liqiiafactloii 
la  vu|>-«oil«  az«  tnduoad  mt  any  aitm.    m  Japan  during  44  aarthqaakaa,  lltpiaflad  aitaa 
nara  llaitad  to  alluvial  dapoaita  and  raolaiaad  landa.  Idguaf action  ganaxally  oooimad  at 
original  river  bads  «lkldi  was  raclaiaad  during  the  past  savacal  hnndrad  yaars  and  In  r»- 
claimd  landa  along  seas  or  lakes.    Such  liquefaction  inersasaa  aa  the  earthquakes  with 
nagnitiKle  increase  have  an  offshore  epicenter.    Furthermore,  it  could  be  noted  that  licpia~ 
faction  has  occurred  repeatedly  during  different  earthquakes  in  several  zones.    An  esti- 
mated JMA  intensity  scale  factor  at  the  liquefied  sites,  was  greater  than  five.     A  lower 
bound  of  liquefaction  potential,  can  be  defined  as  a  :  ^^iationship  between  aploantrai  dis- 
tance and  na^nitude  of  earthquake  on  the  basis  of  this  discussion. 
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Table  2,     Zones  where  re->Uquefactions  were  observed 

a,  b,  ,  g  correspond  to  those  in  Fig.  1. 


Zones 

Earthquakes 

a:    the  narrow  zone  along  the 
Omono  River  in  the 
northwest  of  Oomagarl  city 
in  Akita  Prefecture 

No.  8  (RIkuu)  and 
No.  13  (Ugosen) 

b:    on  the  left  side  at  the  river 
mouth  of  Mogaml  river 

No.  6  (Shonal)  and 
No.  42  (Niigata) 

c:    in  the  original  river  course 
of  Tone  river  in  the 
notheast  of  Tokyo 

No.  S  (Tokyo), 
No.  7  (Tonekarvu). 
No.  15  (Kanto)  and 

Xo.  22  (Nishi-oaitariLii ) 

d;    on  the  both  sides  of 
Chlkuma  river  near 
Nagano  city 

No,  9  (Kamltakai)  and 
No.  28  (Nagano) 

e:    in  the  southern  part  of 
Fukui  plain 

No.  4  <Nobi)  and 
No.  24  (Fukui) 

f:     in  the  nothwestern  part  of 
Nobi  plain 

No.  4  (Nobi)  and 
No.  12  (Gono) 

g:    in  the  southern  part  of 

Nobi  plain 

No.  31  fTonankai)  and 

No.  32  (Mikawa) 
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Fig.  1     Uquefaction  distributioo  map  (Japan) 
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Fig.  2    Liquefaction  diBtrlbution  map  (Kanto  region) 
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(niksMi)  - 

Fig.  3     Liquefaction  distribution  map  (Nobl  region) 
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Fig.  4     Liquefaction  distribution  map  (Hokuriku  region) 
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ABSTRACT 


A  series  of  vibration  tests  on  submerged  sand  layer  model,  using  a  large  shaker  table* 
was  perfbcaeA  in  OKdttr  to  establish  a  method  whi<^  can  pradiot  the  liquefaction  and  settle- 
ment phencwnenon  of  sandy  ground  during  earthquakes.     As  a  result  of  these  tests,  inforawktloil 

concerning  the  vibration  behaviour  during  the  liquefaction  phenomenon  and  subsequent 
settlement  behaviour  was  obtained.     Examining   these  t'"<5t  results  and  assuming  that 
the  vibration  and  settlement  behaviour  of  a  sand  layet  in  the  sand  container  is  one-dimen- 
sional, it  has  been  found  that  the  test  amd  analysis  results  agree  quite  favorably.  There- 
fore, if  the  shear  stress  in  the  ground  can  be  reasonably  estimated,  the  amount  of  settia- 
flient  o£  the  sand  due  to  earthquakes    oan  be  estinated  by  thie  analyeie  oMithod  proposed 

herein* 


Key  Wordai    Earthquakes;  Liquefaction;  Sand  Layer;  Shake  lable;  Vibration  Teats;  Void  liatxoe* 
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Preface 


She  building  of  a  stxncture  on  a  sandy  gxoiindf  where  liquefaction  is  likely  to  occur  at 
the  tins  of  an  earthquake »  requires  the  following  sequence  of  steps  in  order  to  perfozn  a 
aaeisBic  design. 


to  support  the  building  and  th«n  establish  tiie  degree  of  Mduction  of  tiie  bearing  eapa- 
oity  and  the  anount  of  settlaoMnt  which  nay  be  gmerated.   Then  estlaiBte  whether  or  not 
certain  measures  are  required  to  idniniBe  the  effects. 
(2)  zf  design  revisions  are  required*  then  intprovensnts  to  the  foundation  or  the  type  of 
structure  f  or  inprovements  to  the  ground  are  necessary  so  that  a  liquefaction  phenomenon 
be  either  prevented  or  reduced. 

The  methods  of  determining  or  estimating  liquefaction  pihenoaena  an  based  on  a  nethod 
from  sand  element  tests  (1-3) . 

At  a  previous  meeting,  a  method  en^jJoying  blasting  vibrations  to  predict  liquefaction, 
was  presented.     The  results  to  be  presented  herein,  hov*'ever ,  will  involve  the  analysis  of 
experiments  with  a  model  sand  layer  using  a  large  shake  table.     This  experiment  was  per- 
formed jointly  by  the  Public  Works  Research  Institute,  Ministr*/  of  Construction,  the  Kanto 
Bngineering  and  Mechanical  i_.aDoratory ,  Ministry  of  Construction  ana  the  Nationeil  Research 
Center  for  Disaster  Prevention,  Science  and  Technology  Agency. 

Method  of  Experiment 

The  container  used  for  the  experiment  is  a  steel  box  having  inner  dimensions  of  8  m 
(length)   x  5  m  (height)  x  2  m  (depth)   as  shown  in  Photo  1.     In  the  oxperiinent ,  the  box  was 
installed  with  its  longitudinal  direction  aligned  with  the  horizontal  vibrating  direction 
of  the  slab  table  and  the  sand  layer  of  thickness  of  4  n,  was  submerged  in  water  vip  to  the 
surface.     The  sand  used  in  the  experiment  is  mountain  sand  taken  from  Sengen-Yama  in  Cnioa 
Prefecture,  Japan,  vdiich  has  physical  properties  as  shown  in  Table  1.    A  belt  conveyor  and 
bucdiet  were  used  to  place  the  sand  into  the  box  for  fonting  the  sand  layer.    TtM  sand  was 
eoapacted  by  stopping  or  a  vibxo-ranner  for  every  sand  layer  thickness  of  30  or  50  cm.  A 
quality  control  test,  including  measurement  of  density«was  performed  for  eeeih  of  send 
layer.   Qpon  foxnation  of  each  sand  layer,  the  layer  was  then  submerged  in  water.  After 
inducing  eerios  of  vibrations  and  subseqMent  measurements,  the  water  and  sand  were  dis- 
<d>argad  from  the  sand  box  and  a  now  sand  layer  was  formed  for  the  next  ei^eriment.  This 
type  of  eiverimant  was  conducted  three  times  with  respect  to  a  homogenous  sand  layer. 
Ihxee  additional  tests  were  conducted  with  respect  to  a  case  where  a  model  abject  was 
buried  In  the  sand  layer. 

the  following  t]rpss  of  vibrating  methode  were  used  in  each  eiqperimenti 
(1)  Resonance  Test 

This  test  had  a  t^le  acceleration  equal  to  20  gal,  and  a  step  sine  frec[uency  of  1  tO 
20  c/s.     The  vibrations  were  applied  for  a  fixed  period  of  2"  to  30  sec.     This  test  was 
intended  to  examine  the  dynamic  properties,  including  aiodulus  of  elasticity  and  damping 
factor. 


(1)  Detezmine  whether  or  not  a  liquefaction  phi 


will  ocieur  ih.  the  ground  which  ie 
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(3)  Liquefaction  Test! 

The  tf^t  IflVPl  of  :ic;;eleration  of  the  table  was  change;!  by  mean^^  of  sine  waves  near  the 
1st  resonant  frequency  anci  were  applied  for  a  fixed  period  of  60  to  100  sec.     This  experi- 
ment was  intended  to  examine  the  effects  of  excess  pore  water  pressure  and  the  resulting 
settlement  in  the  sand  layer.     in  this  experimenti  where  the  excess  pore  water  pressure  was 
developed,  the  sand  layer  was  allowed  Lq  stand  for  about  1  ha-.^r  rifter  cromplption  of  the 
vibration  test  sequence.    The  application  of  next  vibration  stage  was  initiated  after  the 
excess  pore  water  pressure  was  dissipated. 

Table  2  daacribes  tiie  oonditiona  for  eai^  aodel  mxprnrSMsat,  Inclttding  the  nuAar  of 
tiMa  tiia  aand  layer  baa  forxad  the  vibrating  eonditlons. 

Illtistratad  In  Fig.  1  is  an  »anple  of  VtM  axrangemant  of  the  inetcunents  buried  in 
the  sand  layer. 

Results  o£  Experiment 

(1)  Characteristics  of  the  Sand  Layer 

The  density  of  sand  layer  varied  oonaiderably  with  each  model ,  as  a£ieot«d  by  the 
■ethod  of  coivaetion.    F<or  axanple,  in  ttie  eaaa  of  the  let  experinant,  the  dry  danaity  (y^) 
waa  1.41^1.52  g/aa?*  the  averaga  value  was  1.48  q/a^,  void  ratio  (a)  was  0*77^0.91 
and  the  average  value  was  about  0.82. 

■ 

(2)  Resonance  Test 

Bxasiples  of  the  resonance  curve  dstained  fren  resonanoe  tests  are  illustratad  in 
Fig*  2(a)  through  (e).    illustrated  in  Fig.  2(a)  and  (b)  are  the  response  characteristics 
of  the  sand  layer  for  sxperinwnt  I^l^  relative  to  distanos  fron  the  end  face.    For  this 
sxperiaant,  the  frequenciea  at  the  1st  and  2nd  raaonanoss  are  10  and  17  c/s  respectively, 
this  shows  tiiat  thars  is  little  differenca  relative  to  distance  fron  the  end  face,  but  it 
can  be  seen  that  the  aagnif ieation  of  acceleration  varies  with  'die  distance  fron  the  end 
face.    For  axanple,  with  respect  to  10  c/s  which  can  be  thought  of  a  lat  re8<inance  frequency 
Fig.  3  shows  the  di!;tributioa  of  the  magnification  of  the  acceleration  which  indicates  that 
the  farther  from  the  end  face,  the  larger  the  magnification  of  the  accrflcration .  Bxperinent 
3-1,  as  illustrated  in  Fig.  2(e),  is  different  from  the  experiment  l-l  as  illustrated  in 
Fig.  2(a)  and  (b)  with  respect  to  density  and  table  acceleration  level. 

(3)  Liquefaction  Test 

The  characteristics  of  the  behaviour  of  the  .sand  layer  during  liquefaction  can  bo 
represented  by  the  pore  water  pressure,  settlement  amount  and  acce laratioii  of  t>io  sand  layer. 

Examples  of  the  time-course  char.ges  of  these  factors  are  illustrated  in  Fig.   4  through 
Fig.  6.    Illustrated  in  Fig.  4  is  an  example  in  which  both  the  excess  pora  watsr  presauxa 
and  the  settlenent  are  snail  due  to  tiie  snail  table  acceleration,    in  this  case,  tiie 
aeoelaration  of  the  aand  layer  except  the  upper  part  of  the  aand  layer  diows  alnoat  a  steady 
State  where  tiM  t^le  acceleration  is  constant.   The  acceleration  of  the  upper  part  of  tha 
sand  layer  shows  a  trend  in  Which  it  continues  to  increase  even  after  the  tsbla  aooaleration 
has  beooBM  steady  and  tiien  suddenly  decreases  after  it  has  reached  a  peaDe  value.  This 
phenaoamia  is  caused  by  first  an  increase  of  the  excess  pore  water  pressure  In  tbs  ivpsr 
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part  of  the  sand  layer.    This  increase  in  the  excess  pore  water  pressure  over  a  certain  value 
causes  the  rigidity  of  the  mhA  1<v*v  to  lower  (or  causes  the  defomatlon  characteristics  to 
increase)  due  to  a  reduction  of  the  effective  confining  pressure.    This  resulting  phenomenon 

causes  an  increase  in  acceleration  of  the  sand  layer,  and  if  the  excess  pore  water  pressure 
further  increases,  the  shear  strength  of  that  layer  and  the  lower  layer  will  reduce.  This 
will  result  in  a  condition  in  that  the  vibration  from  the  lower  part  cannot  be  transmitted 
to  the  upper  part  and  the  acceleration  of  the  semd  layer  will  suddenly  decrease. 

In  the  case  of  experiment  No.  1-4  (Fig.  b)  ,  the  table  acceleration  is  larger  than 
that  of  experiTient  No.  i-3  (Fig.  4) ,  and  both  the  excess  pore  water  pressure  and  the  settle- 
ment amj'unt  are  comparatively  larger  than  those  in  the  experiment  No.  1-3. 

In  vxp« r iir.eiit  No.    1-4,   ttie  excu h.s  poro  watt^r  preobure  iii;:ie>ases  starting  from  the 
upper  part  of  the  sand  layer,  with  a  maximuin  value  nearly  equd.lU3  the  effective  overburden 
pressure  in  each  layer.    This  conditions  shows  that  all  layers  have  reached  conplete 
liquefaction.    Xhe  range  in  %diieh  tiie  phenomenon  of  a  suddttidecrease  in  acceleration  of  the 
sand  layer  occurs  ie  deeper  than  that  sand  layer  in  the  experinent  No.  1-3,  and  researched 
a  depth  of  3  meters. 

Bxperinent  Do.  3-4  (Pig.  6)  t  is  the  case  where  the  void  ratio  of  sand  layer  is  less 
than  that  of  eiiperiaisnt  Ho.  1-4.    However,  despite  the  fact  that  the  table  acceleration 
end  vil>rating  period  wes  laxger  than  those  generated  ei^eriment  Hb.  1-4,  the  excess  pore 
water  pressure  and  the  amount  of  settlement  generated  was  smaller. 

Fig.  7  shows  the  vertical  distribution  of  the  acceleration  and  excess  pore  water  pres- 
sure previously  givmt  fay  Fig.  5.    The  process  in  tdiich  a  sudden  decrease  of  acceleration  on 
the  upper  part  of  the  sand  layer  progresses  to  a  deeper  part  with  the  passing  of  time  can 
reedily   be  seen.    One  thing  of  Interest  in  oonparing  the  verical  distribution  of  excess 
pore  water  pressure,  as  illustrated  in  (b)  and  the  corresponding  eaqperinent  period  versus 
the  amount  of  settlement  (Fig.  5(c)),  is  that  for  the  period  between  0  to  4D  sec,  the  water 
pressure  gradient  at  a  position  1  m  from  the  botton  i  s  downward  and  the  pore  water  tends  to 
flow  into  the  lower  layer,  so  that  at  the  position  1  m  from  the  bottom,  uplift  must  occur 
rather  thein  settlement,  as  illustrated  in  Fig.  5(c),  during  the  period,  a  considerably 
amount  of  settlement  is  observed.     This  condition  is  caused  by  air  bubbles  in  the  pores 
which  liave  been  conf>ressed  due  to  tlic  tjencration  of  excess  pore  water  pressure,  since  the 
sand  layer  had  not  been  comi  letely  satuiated.     This  mechanism  can  also  be  concerned  by  no- 
ticing first  that  the  water  level,  on  the  sand  layer  surface,  after  vibration  is  lower  by 
several  cm  compared  to  the  level  before  vibration  is  applied.    In  addition,  since  the  de- 
gree of  saturaticn  of  the  pore  water  of  the  sand  layer  can  not  be  measured  directly,  an 
unsaturated  sand  layer  was  formed  separately  In  a  email  container,  similar  to  that  of  the 
experimental  sand  layer.    Then  the  unsaturated  sand  layer  was  gradually  submerged  in  water 
from  the  bottom.   The  initial  degree  of  saturation  of  the  sand  layers  formed  by  the  method, 
was  than  estimated  at  75  to  85%  by  the  weight  measuremMit  method  and  by  means  of  an  air 
meter  used  to  measure  the  air  volume  in  concrete. 
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Dl«co«sion 

ta  described  •axliM,  the  prinaxy  aia  of  the  veeoaanae  teet  1«  to  aelMdete  the  ▼ibra- 
tion  Mbevlour  of  the  eand  legrer  subjeoted  to  lezgit  iiiput  vlhratlons*  and  to  eeapare  tiie 
reeults  witib  aaalytieal  veluaa.   In  thia  paper,  bowev^  the  analytioal  reaulte  will  be 
OBitted  and  we  will  dlaonas  Ifte  method  of  enalyxing  the  llqeafaction  and  aettlaaMat  pw 
eeaeee  of  the  wcperlaentel  aand  layer. 
(1)  One-dloMneionel  aettlaownt  of  the  eand  lagrer 

the  vibration  behavior  of  the  aand  layer  ia  the  eand  hex*  and  the  subaequent  defona- 
ticne  axe  three-diBMkaianal>   HOMever,  ainoe  the  enoeee  pore  water  pceeeure*  tiiat  ia 
Maeitred  ehowa  alaoet  the  sane  behavior  regardleaa  of  the  diatance  from  the  end  faea  at  the 
aane  depth,  the  amount  of  settlement  can  be  presumed  to, be  onG-dimensional .    Furthermore*  i% 
is  generally  difficult  to  analyze  multidimensional  deformations,  therefore,  if  a  nmi  ill  in 
sional  settlements  can  be  estimated,  the  results  can  be  adequately  applied  to  actual  pro- 
blems.    Thus  for  the  exporimental  sand  layer,     :v~^.  ions  were  made  considering  the 
horizontal  ground  expanding  indefinitely  and  then  analyzing  the  process  o£  liqpiefacrcioii  and 
settlement . 

(a)  In  thenomnal  theory  of  consolidation,   the  deformations  of  a  sand  layer  are  generated 
as  a  result  of  tlie  outflow  of  pore  water.     In  these  tests,  however  the  sand  layer 

is  assumed  to  be  in  an  unsaturated  state  with  air  remaining  in  the  pores  and 

that  the  air  ie  oort»lned  witii  the  pore  water  and  floes  together.    IMe  a* sums  thafe 

the  porewater  ie  oontpreeeible. 

(b)  It  ia  thought  tiiat  the  e«ceee  pore  water  preeattre«  generatiii9  a  pore  water  flew)  ie 
generated  internally  by  ^lie  ahear. 

(e>  It  !■  aeewMd  that  the  ordinacy  Oer«y*a  law  eaa  be  applied  to  tha  pez*  wetsr  flow. 
Froa  theae  aasiavtionSf  the  Moeea  pore  water  pceasore  and  tiie  void  ratio  ia  the  eand 
layer  oan  be  ri^reaented  aa  foUomi 
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C       :    CofRpressibiiity  of  sand 

t    OoiBpressibility  of  pore  water  (including  air) 


1«(1-H)S 


pi  +  Au 


H 
S 

f 

T. 


e 
K 

O 

0  ' 
vo 


T 
k 

\ 
z 


Benry*9  coefficient  of  solubility 
Degree  of  setura^ion 

Absol.itp  f-'ore  pressure   (added  value  by  atmospheric  pressure  and  static  water 
pressure,  considered  to  be  equal  to  pore  water  {jressure  and  i>ore  air  pressure) 

Pore  water  pressure  generation  function  due  to  cyclic  shear  (described  later) 

Cyclic  shear  stress 

Effective  overburden  pressure  used  for  pore  water  pressure  generation  function 

Void  ratio 

Coeflxcxent  of  horizontal  earth  pressure  at  rest 

Initial  effective  overburden  pressure 

A  period  of  vibration 

Coefficient  of  permeability 

unit  weight  of  veter 

D^th  from  the  eurf aoe  of  eand  layer 


The  meaning  of  the  pore  water  pressure  generation  function  f  by  cyclic  shear  shall  be 
defined  as  follows.  In  the  instance  of  saturated  and  undrained  conditions,  if  one  cycle  is 
applied*  the  following  equation  can  be  obtained*  Where  C^«0,  B>lr  k«0  and  t^«  in  Eq.  (1) 


-ve 


i  e  *  o 


(S> 


Consequently  f    ^'<f*y^  represents  the  pore  water  pressure  generated  per  cycle  under  said 
condition*.    This  is  based  on  results  of  undrained,  c^lic,  siiiple  shear  teats  whidi  have 
been  reportad.    This  pore  water  pressura  gsneration  function  f  was  obtained  based  on  the 

following  assunptions  and  method. 

(a)  The  increase  ir.  the  excess  pore  water  pressure,  sand  subjected  to  cyclic  shear, 

IS  the  sum  o£  the  increments  due  to  cyclic  shear  and  the  increments  due  to  an  in- 

4) 

creas«  in  lateral  pressure  due  to  the  lateral  displacement  being  confined  . 


V-21 


Digitized  by  Google 


Consequently,  the  excess  pore  water  pressure  Lu  gaaaratad  par  ayol«  of  cyelie 
•b««r  tlM  Mad  la  giwn  toy  th«  following  oquAtion} 


"  '1  '  1  +  2  Ko  ■         vo  (6> 


Hence,       can  be  obtained  by  the  isotropic  cyclic  triaxxal  teat  as  follows j 


4tt  ,  ad 


a*it    t   A*  initial  effaetiva  lataral  praaaura 
t    Cyclic  axial  atroaa 

(b)  The  pore  water  pressure  generation  function  f^    is  obtained  from  a  conventional 
^lic  triaxial  taat,   tteaa  taata  yiald  tha  straaa  and  the  generated  pova 
water  preaanza.    Emitpmr,  Himtm  i»  ganarally  a  vlda  varlanoa  in  thm  taat  zaaulta* 


Conaaquantly,  fay  plotting  tlia  xalatieoaiilp  of  0^d|/29*tiwn.)   otatiaaad  tttm  lAia  liqm^ 

5) 

faetioa  taat*  an  avaraga  ralation  ia  aatiaatad  fzoai  Vbm  folloHing  aqiiatiaii  t 


(8) 


Where  o^:    Angle  of  internal  friction  mobilized  when  the  initial  liquefaction  i« 


n^^i   Qfolaa  of  loiiltng  fbr  ganoratiag  tha  initial  liquafaotioo 
For  tha  taata  giportad  h«rain»  <'ia/3c*t«  plottad  aa  «hoim  in  Fig.  a. 


(e)  h  ralatioBahip  for  ganwral  danaity  can  ba  obtainad  trcm  tha  following 
with  raapaet  to  tha  atzaaa  ratio  at  aliieb  Uquafaction  ia  ganaratadi 


Based  on  these  aaaoaptlons,  the  function  of  the  generation  of  pore  water  pressure  in 
aand   is  estimated  as  illuatratad  in  Fig,  9*    ihia  ftmotion  is  nsad  «a  f  in  tha  pravioaa 

aquation   (1)   and  (2) . 

The  increments  A  u  and  A  e,        the  excess  pore  watir  pressure  and  void  ratio  re- 
spectively   from  equation  (1)  and  (2) ,  are  closely  related  to  each  other  as  shovm  in  Fig.  10. 
This  diagram  can  be  interpreted  as  follows,  i.e.  path  AB  represents  the  emtire  process  that 
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oeeur«r«lil^  M«as  first  Mduetlon  of  tin  «ff«ctiva  »tr«8*  due  to  an  oxcobs  pore  watsr  pres- 
sure 9tiMr*ted  t/bma.  the  aaad  layer  Is  vibrated.  Hie  pore  water  then  flows  out  and  as  a 
rastilt  the  void  ratio  is  changed.   Then  the  excess  pore  water  pressure  Is  entirely  dessipa- 
ted  and.  stability  is  sttainsd.    Path  cr  represents  the  changed  path  which  occurs  in  a  short 
tine  interval  At.     if  this  path  is  divided  into  cf  ■  a  ♦  ep,  a  corresponds  to  the  1st 
tsras  of  equations  (1)  and  (3)  respectively.    Thus  the  2nd  tezn 

defcaatlon  path  in  this  caae  of  the  ondralned  condition.    An  alternate  path  occurs  whsn  ths 
ssnd  layer  is  placad  under  a  drained  condition  as  shoim  in  pa^  EF.    That  is  the  defomaticn 
under  tiie  drained  condition  of  an  unsaturated  sand  layer  in  a  short  tins  interval  can  be 
obtained  as  the  sun  of  the  defOraation  undsr  the  undrained  condition  of  an  unsaturated  sand 
and  tlie  deformation  under  the  drained  condition  given  thereafter. 

Hie  coefficient  of  cos^pressibllity  C    in  equations  (I)  and  (2)    was  obtained  in  the 
following  manner.    As  shown  for  path  EF,  the  excess  pore  water  pressure  was  generated  by 
the  undrained  cyclic  shear  and  then  by  draining  of  the  sand.     The  coefficient  of  compressi- 
bility in  the  recompression  process  is  then  obtained.    An  exajnple  of  this  experiment  is 
illustrated  in  Fig.  11. 

Also  illustrated  in  the  same  diagram  is  the  static  virgin  compression  curve  of  this 
sand.   Exeuolning  these  results  the  following  can  be  stated; 

(a)  Until  the  initial  liquefaction  point  is  exceeded,  the  coefficient  of  compressibility 
in  the  recoa^ression  process  is  smaller  than  the  coefficient  of  conpressibility  under  the 
virgin  cosipression  proosss. 

(b)  ttien  the  sand  is  rsdonprsssedf  exceeding  the  initial  liquefaction  point*  the  ceam 
pMSsibill-ty  is  as  nearly  sane  as  the  virgin  conpressibility  curve. 

(2)  Numerical  analysis  of  liquefaction  emd  settlement  process 

Considering  the  above,  the  following  assumptions  were  made  in  the  numerical  analyses  of 
the  liquefaction  and  settlement  processes  as  will  be  described  later. 

(a)  When  &n  excess  pore  water  pressure  is  generated  and  exceeds  the  initial  liquefaction 
point*  thus  causing  coni^resslon  of  ths  sandt  a  virgin  ocn<pressiao  curve  is  used. 

(b>  During  the  process*  in  Which  the  densi^  increases  higher  than  that  of  the  past 
winiwi  void  ratio*  a  virgin  ooactression  curve  is  used. 

<c)  in  the  defocnation  paths  other  than  the  above  (a)  and  (b)  *  an  unloading  or  reocnr 
pression  curve  is  used. 

(d)  The  generation  of  an  excess  pore  water  pressure  function  f  does  not  occur  until  the 
tiae  the  excess  pore  water  pressure  readMS  the  Initial  liquefaction  point*  9*^^  - 
ufaen  the  initial  liquefaction  point  has  been  exceeded*        -  o^'  (0^*  represents  the 
sffsctive  overburden  pressure  at  that  tine)  *  and  the  working  Shear  stress  also  decreases  in 
the  torn  of  contacting  with  the  failure  envelope  line. 

Since  a  vibration  analysis  and  subsequent  evaluation  of  the  shear  stress  of  a  ssnd  layer* 
which  has  changes  in  its  physical  properties  subsequent  to  an  increase  in  the  exoess  pore 
water  pressure*  is  difficult  to  deternine.  the  following  nethod  was  enployed. 
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(a)  The  vibration  note  of  tha  sand  layar,  for  liquefaction  taat,  waa  aastuNd  as  ttM  1st 
note.    Hie  displacenent  anplltute  was  abtainad  froK  the  anplitute  of  the  neasured  aipeelara^ 

tlon  and  the  diatribution  of  the  shear  stress  la  then  estimated  from  these  results.  Doriftg 
this  tine,  when  the  table  acceleration  level  increases,  as  sem  in  rig.  5(a)  on  the  vepp^t 
part  of  the  sand  layer,  the  acceleration  decreases  due  to  generation  of  the  excess  pore 
water  pressure  thus  rr.akinq  it  difficult  to  efstimate  the  shear  strain.     Therefore,  assuming 
that  the  shear  strength  does  not  docreaso,  the  standard  shear  strain  distribution  corxeS' 
ponding  to  the  individual  table  acceleration  level  is  estimated  from  this  study. 

(t»)  Now  by  multiplying  the  standard  shear  strain  distribution  by  the  shear  modulus,  in 
which  the  reduction  effect  "  of  the  strain  level  is  introduced  from  Richart's  experimental 
equation  ^'   for  tl^o  shear  modulus  in  an  infinitesimal  strain  level  of  sand,  a  shear  stress 
distribution  is  calculated,    flhen  the  excess  pore  water  pressure  exceeds  the  initial  liqoa- 
f  act  ion  point,  this  sbmar  stress  'is  tecreased  to  a  fom  whicb  contacts  the  failure  asfvelops* 
Exaoples  of  changes  of  tho  esoess  por*  waAax  pnaMBre  and  tiia  sattlanant  anonnt  ■  with  tine 
have  been  calculated  for  the  ai^eriMnts  and  are  illustrated  in  Figs.  12  and  13.   Figs.  12 
and  13  oorre^iond  to  «veriiiient  No.  1-3 #  ea^erinant  No.  1-4  as  illustrated  in  Fig.  4  and  8. 
According  to  the  calculated  results  for       experiannt  Ho.  1-3,  the  excess  pore  water 
pressures  in  the  vqpper  layer  (8  •  0.5«  1.0  n)  increases  considerably*  eansaquently  in  the 
earlier  stage  of  vibration  the  settlenent  anount  is  a  little  larger  than  that  of  the 
experinent.    Also  the  excess  pore  water  pressure  is  larger  than  neasured   in  niddle  part  of 
tha  sand  layer  and  the  final  calculated  settlsMat  anount  is  larger  than  tiiat  onasured. 
According  to  the  calculated  values  for  aiqperinant  Mo.  1-4,  the  excess  pore  pressures  in  tha 
lower  layer  {Z  -  3.0 »  4.0  n)  incraasas  slowly p  but  the  settlenent  b^vlor  agrees  ^nproxi- 

nately  with  the  measured  results.     The  oauSS  for  these  differences,  apart  from  the  assump^ 
tions  in  the  calculations,  are  the  large  «rrors  in  estimating  the  shear  strain  in  the  sand 
layer  and  compaction  due  to  the  preceding  vibration.     The  settlement  behaviour  of  the  sand 
layer    shov.'s  that  the  calculated  results  agree  comparatively  well  with  the  measured  values. 
From  the  af ore:nentioned ,  the  method  for  liquefaction  and  settlement  analysis  introduced 
herein  is  rather  effective  to  the  analysis  for  this  vibration  test  of  model  sand  layer. 

Conclusion 

The  following  conclusions  can  be  derived  from  the  results  of  the  ex;perinenta  and  analy- 
ses as  described  previously; 

(1)  In  the  liequf action  test,  when  the  excess  pore  water  pressure  increases  to  a 
certain  value,  the  magnification  of  the  acceleration  increases  and  then  suddenly  de- 
creases . 

(2)  The  higher  the  table  acceleration  and  the  laiger  the  void  ratio,  the  larger  is  th^ 
excess  pore  water  pressure  and  the  amount  of  settlement  that  is  generated. 

(3)  The  compression  phenomenon  of  the  air  in  the  pores  increases  the  settlamnt  of  tha 
sand  layer. 

(4)  Pm  examination  of  the  esverimantal  results  in  line  with  the  nalytical  aetteid  proposed 
herein,  it  has  been  found  that  there  is  sxcellent  correspondence  between  the  eiverlnant 
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data  and  tht  analysis. 

If  this  method  is  used  to  estlmte  the  amount  of  ssttlsownt  of  the  sand  at  a  oonatxtio- 
tion  aitOr  it  is  ingportant  to  properly  estimate  the  ahear  streas  in  the  sand.   Also*  at  the 
oonstruction  site,  the  ground  below  the  trater  level  is  saturated  and  tiie  duration 
of  an  earthquake  is  relatively  shorter  than  that  which  occured  in  the  experinent  described  In 
this  paper.    Consequently,  a  simplified  method,  has  been  developed.     This  method  is  based 
on  the  assvimption  that  the  amount  of  s«"ttlenent  during  an  earthquake  is  small,  and  there- 
fore the  ground  is  nearly  in  an  undrained  condition.     The  excess  pore  water  pressure  then 
generated  is  estimated,  and  the  settleTient  anount  is  determined  as  a  static  deformation  due 
to  the  outflow  of  the  pore  water  after  the  earthqucUce. 
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Table  1    Ihdeat  properties  of  the  test  sand 


Properties 

Values 

Specific  gravity  Gs 

2.  71 

Optimum  water  content 

""opt  (%) 

13.4 

Maximum  dry  density 

rd  max  <g/cm^) 

1,  742 

Maximum  void  ratio 

e  max 

1.  02 

Minimum  void  ratio 

e  min 

0.57 

aoi        0.1  1.0  lOA 

Particle  diameter  (mm) 


Table  2   Test  Condition 


\Vibration 

Method 

Model  ^v^^ 

Resonance 
test 

Liquefaction  test 

1 

2 

3 

4 

5 

1 

6-13  gal 
1-20  c/s 
io  =  0. 82 

37  ♦gal 
12  c/s 
74**Bec 

61  gal 

11  c/s 
76  sec 

138  gal 

10  c/s 

84  sec 

274  gal 

9  c/s 

92  sec 

2 

ec  ■  0. 73 

57  gal 
12  c/s 
69  sec 

100  gal 
11  e/s 
72  sec 

132  gal 
10  c/s 
81  sec 

283  gal 
9  c/s 
78  sec 

3 

7-19  gal 
1-20  c/s 
eo  °  0. 68 

66  gal 
12  c/s 
1  93  sec 

99  gal 
1 1  c/s 
88  sec 

219  gal 
10  c/s 
1   103  sec 

365  gal 
9  c/s 
1    85  sec 

*     Stationary  value  of  table  acc. 
Total  duration  of  vibration 
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Photo.  1  Model  sand  box 
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A  Accclerometer 
i  Settlement  gage 


o  Pore  pressure  gage 


Fig.  1    Arrangement  of  meters 
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Fig.  2    Examples  of  resonance  curves 
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Fig.  3    Oistributioa  of  acceleration  in  sand  layer 
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Pig,  4   Acceleration,  excess  pore  water  pressure  and 
end  eettlement  data  (Teat  No.  1-3  > 
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Fig.  5  Acceleration,  excess  pore  water  pressure  and 
settlement  data  (Test  No.  1*4> 
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Fig.  6    Acceleration,  excess  porp  v/ater  pressure 
and  settlement  data  (Test  No.  3-4) 
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Fig,  9  Generation  function  of  ^       Sehenmtte  relationship 

excesa  pore  water  b,  "t  ,.  een  void  ratio  and 

measure  effective  stress  due  to 

vibration 


Fig.  11  Compresalon  eharaeterlstiea  of 
test  sand 
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Fig.  12  Calculated  resultfl  of  excess  pore  water  pressure  and 
aettlement  (Test  No.  1-3) 


-  200 


Fig.  13  Calculated  results  of  excess  pore  water  pressure 
and  aettlement  (Teat  No.  1»4) 
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ABSTRACT 


Hw  ssisnic  design  coefficient  has  been  widely  used  because  of  its  simplicity.  This 
design  technique  provides  «  safeguard  against  earthquakes  but  contains  many  problens  when 
replacing  the  dynamic  forces  with  static  forces.    In  addition^  the  earthquake  resistant  pcoi^ 
ertles  of  high-rises  or  buildings  can  be  investigated  by  a  sinulation  analysis,  using  luuiy 

past  earthquake  records  as  input  excitation.    This  type  of  dynanic  analysis  of  a  structure 
has  been  made  possible  by  use  of  electronic  computers.     In  this  analysis,  an  actual  struc- 
ture is  trans forrricrd  into  a  vibration  model,  then  the  structure  is  sisbjectefl  to  earthquake 
ground  motions,  which  are  simulated  by  an  electronic  computer.     Rs  an  alternate  scheme, 
from  a  stochastic  point  of  view,  vibrational  properties  of  structures  subjected  to  earthquake 
ground  motions  have  been  investigated  by  utilizing  the  concept  of  random  vibrations.  The 
theory  of  random  vibttttion,  for  dynanic  response  of  structures,  considers  tliat  eartliqaak.fi 
ground  motions  can  be  essentially  predicted  as  deterministic  phenomena  and  that  the  vibra- 
tional behaviour  of  2 tr '>;cturei  diiriny  wiicsc  uar Lhk^uakei  caji  be  px'edicted  titochasticaliy . 
Studies  on  developing  a  more  reasonable  design  method    have  been  conducted  using  the  experi*- 
enoes  obtained  from  earthquake  disasters  and  the  analyses  of  earthquake  phenosena.    The  non- 
detezninistic  phenonsna  of  earthquake  ground  notions  will  be  treated  essentially  by  the 
application  of  the  theory  of  random  vibration  to  the  earthquake  engineering.    However,  It 
is  also  true  that  a  structure  cannot  be  handled  as  a  deteministle  systsMf  because  the 
dynamic  property  variables  of  an  actual  structure,  sucdi  as  the  masses,  spring  constants  and 
dapping  constants,  cannot  be  evaluated  detetmlnlstically  %fhen  the  structure  is  desinged. 
Kance,  a  struetvre  must  be  designed  by  oonsidering  the  nondetenlnlstlc  properties  of  the 
Structure  as  well  as  those  of  earthquake  ground  notions.    In  this  thesis*  a  theoretical 
treatment  of  the  earthquake  response  problems  of  a  structure  with  nondeternlnlstic  variables 
have  been  discussed  and  a  reasonable  design  technique  of  a  structure  with  appropriate  safety 
has  been  suggestsd. 

Key  words  I    Probability,  deternlnlstic,  earthquake,  structures,  random  vibrations. 


safety,  dynamics. 
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Introduction 

Vibrational  propartlaa  of  struoturaa,  avibjaotad  to  aartliquaka  fround  aotlOMi  hava 
baan  Invaatlgatad  by  utillaing  ttia  oonofpt  of  xmBum  vibrations*   fb»  thaery  of  raaaoai 
vibrations  tone  th*  dynaaic  responsas  of  atniotnvaa   is  based  on  tba  stochastic  point  of 

view  that  ear^quake  ground  motions  cannot  b6  predicted  as  a  detenninlstic  phenomena  and 
that  the  vibrational  behaviour  of  structures  during  earthquakes  must  be  investigated  sto- 
chastically.    However,  it  is  also  true  that  a  structure  cannot  be  examined  as  a  determin- 
istic system,  because  the  dynamic  property  variables  of  am  actual  structure,  such  as 
masses,  spring  constants  and  damping  constants,  cannot  be  evaluated  determiniatically  when 
the  structure  is  designed.     Hence,  a  structure  must  be  designed  by  considering  the  non- 
deterministic  properties  oi  the  structure  as  well  as  those  of  the  earthquake  ground  motions. 
There  has  been  many  papers  concerning  the  dynamic  response  of  a  structure  subjected  to 
earthquake  ground  aotions  by  application  of  tba  theory  o£  randan  vibrations    sines  I* 
itasasblastJt^^'  and  H.  TSjinl'^^ .   i!ha  tiiaoKy  for  a  statiooaxy  vaaOoK  xasponaa  of  a  linaar 
lu^pad-nass  systsn  haa  baan  stodlad  by  ona  of  tha  auChora     .    Bxpanaion  of  tbla  thaocy 
is  aivlalaad  In  tlda  pspar.  In  ubidt  all  varlablaa  ara  ragardad  as  non-datsninistlo.  Uia 
fondanantal  fonnla  obtatnad  by  VSylor'a  sarlss  of  a  function  f  (r) »  of  tba  vector  of  csbp 
doai  varisblaa  r*  la  anpUad  to  this  saqpsnslon.   tbsze  ara  pspers'*'  ^''in  wblcb  tlia  jpcepar- 
tiaa  of  otoehastic  variation  of  tha  algan  valvas  and  earthquake  responses  of  a  stniotwea 
ara  inveatigatad  which  dsnonstrata  ssplloation  of  this  fonaolSf    In  this  paper*  tha  thaomb- 
ioal  tTT««tt<<*>  la  oonduotad  in  cucdar  to  obtain  a  general  and  nMnbglTiil  solution  of  tha 
earthqnafca  reqponae  of  a  strvetura.    tha  thaocy  of  the  earthquake  response  of  a  stmotom 
dMcribad  harain  haa  tlM  foUesing  etaaractaristiost 

(1)  Tha  stinaetura  is  s  ons-dinsnsional  liaasr  nnalti-degree-of-freedoa  systssi  with 
masses,  springs  and  dashpots. 

(2)  The  structure  is  subjected  to  a  statiooaxy  randoB  escitation«  baving  any  distri« 
bution  of  pover  spectral  density 

(3)  The  structural  response  car;  be  stochastically  predicted  in  consideration  of  tbS 
interaction  effect  between  the  stnicture  and  the  ground. 

Mssponse  of  a  struotura  Bsbiaotad  to  a  Bandom  Distsjrbanee 

The  earthquake  response  of  one-dime ns i ona 1  linear  multi-degree-of-f reedom  system  with 
masses,  springs,  and  dashpots  as  shown  in  Fig.  1    in  analyzed  as  follows;     The  interaction 
effect  between  a  structure  and  the  ground  is  consid'  r::!  by  application  of  sway  and  rocking 
springs.     The  earthquake  ground  motion,  which  affects  the  structure,  is  assumed  to  be  a 
stationary  random  process  with  an  amplitude  distribution  of  Gaussian  order  with  a  aero 


The  equations    of  motion  of  the  system  subjected  to  an  earthquake  ground  acceleration 
xg  is  generally  represented  by 


mean  value. 


eiw{ij  +  Ccjlil  +  fK)(«)-Hiisj  11, 
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m      and  ii   aassea  of  oach  story  and  the  foundation  and  tiM  nooiant  of  inartla  aiboiit 

the  cmter  of  the  foundation*  roaipectively 
k,  ks  and  kR:    spring  constants  Of  aach  stozyi  sway  and  rocking  springs*  respectivsly 

H:    Story  height 
Tha  daaping  matrix  (C)  ia  prescrilted  here  by 


ravactivoly. 
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Hie  vector  of  tha  z«l«fclve  floor  dUtpl«o<MOHt  Iz}  im  mxpreaoed  in  tenu  of  tho 
■od*  watxix  14)  and  the  vector  of  nomal  ooocdlnete  {x\},  namely 

iz)  =  (*){n}  (5) 

Substituting  Eq.  5  into  Eq.  1,  the  equations  of  notion  of  the  system  are  expressed  into 
each  node  as  follows. 

irtier* 

f  J  -  -r-    •  (7) 


In  the  above  ontpreBsion*  the  node  aatrlx  [^J  ie  notMiltBed.  in  thia  ease,  a  generallaad 
naaa  matrix    N*    «  given  by  Bq.  9,  correspond*  to  a  unit  matrix  B  . 

eil'g»C#)»f||JC*j  (9> 

fha  autooorrelation  function  of  the  normal  coordinate  i)^  is  represented  by 


wher©  S|^j    (p)    is  the  power  spectral  density  function  of  r,^  .     Defininq  HMip)   arid  S^^(p)  as 
the  function  of  the  frequency  response  of  the  system  and  the  power  spectral  density  function 
of  a  ground  acceleration  xg,  respectively,  it  follows  thati 


(12) 


Utilising  the  relation 


the  autocorrelation  function  of  i)^  is  represented  by 
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napresenting  the  pomr  spectral  dansity  function  of  the  groiind  ecceleretion  xg   as  a  son  o£ 
tiie  power  ^etral  density  functions  of  the  slngle-dsgree-of-fresdon  systens  excited  by 
white  noise  accelerations »  the  function  is  eigpiressed  by 


8=1 


si;(P)- 2  s,;,(p)=  V    g  (w) 


where  y  ,  f  and  s  are  the  natural  circular  frequency  and  the  damping  constant  of  the  single- 
degree-ot- freedom  system  and  the  constant  power  spectral  density  of  the  white  noise  acceler- 
ation, respectively.    Tn  general,  the  following  relationship  exists  between  the  response 
Z.  of  i-th  story  and  z    of  the  s-th  one. 


■ 

Fron  the  above  relationship »  the  man  square  values  of  the  responses  and 

tl6J 

IT-I#,jRt,(0) 

Tt'l^li  Kn,  (0) 

*  tl7) 

Substituting  Bqs.  12  to  14  into  Eqs.  16  and  17 »  the  following  equations  are  finally  obtained. 

_  (lej 


where 


I  A* J  ■  lAj  ■'•At 

and  I 

•A,j  -  +  •Aj«A.+  — r 


****  ~  «•»  •i' 


J  (201 
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Hm  nan  sqaare  VttluM  of  th«  relative  dUplacwent  and  velocity  at  each  story  are  given 
by  aiallar  aigraaaloM  na—lyi 


nia  Man  aqMare  valnM  of  the  relativs  story  diaplaooMnt  and  velocity  #  subatractitig  the 
rocking  ofteotr  AM  alao  givan  by 


(Z«-Zm-fliZiifi>*  - 1^  i  #i|-#i+i|-Hi 2.1  -p^ 

  _  E  (22) 

The  mean  squares  of  the  responses  are  given  by  Eqs.  18,  21  and  22.     The  maximuin  displace- 
ments can  be  estimated  by  application  of  Eq.  23,  derived  by  S.O,  Rice,  to  these  mean 
squares ,  providing  the  process  Is  a  stationary  random  and  a  Gaussian  distribution  with  sero 
mean  value. 


(23) 


o^,      and  T  rqpreaant  tho  standard  davlatlen  of  tha  rs^penaos  «  and  x  and  the 
duration  tiaa  of  tiio  na«ponaas*  rovpootlvaly.   The  bmo'  aqnarasr  obtained  by  Bqs.  18,  21 
and  22«  correspond  to  tStm  standard  davlatlm  of  the  responses  idiiob  bma  aero  naan  vnlnss. 
Banoar  tha  naximi  ramnnaas  oan  Im  astlMtad  by  sidMtltntiiig  If*.  ISr  21  and  22  into  I9. 
23«  ra^paotivoly. 

Wean  Valiie  and  Variance  of  a  Function  Cosipoeed  of  Stochastic  Variables 

Oonsidaring  f  (r)  being  a  Anotian  of  tba  vaotor  of  randav  variables  t,  tbla  fonetien 
oan  be  eiqpandad  in  T«yJoir*s  aaria*  about  tha  aaan  valvtas  of  t*   Tmnoating  th«  sarlaa  afeov 
tho  third  tarm«  tha  folloviag  aqoatlons  are  obtained* 
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Baaed  en  th*  aasttoptlon  that  tha  variablaa  r  ara  atoehaatleally  indapaBdaot  of  mmdh  othar^ 
lunely  tha  comuriatica  of  r^^  and  r^^  la  aqoal  to  aero  for  tha  oaaa  of  lv<i*  tlia  Man  valua  of 
tlM  function  f  (r)    ia  diraetly  cibtainad  ft«ai  thla  aquationfifhich  givaai 


f(r)=ECf(r)}=ECl(r)J+  ^  E  [c  i^<r^-r,)  -j^V  t(r)] 


1  «'f(r) 

=  f(r)+2  (25) 


irtiare  Var(r^)  naana  tha  varianoa  of  Che  variable  Xg^>   Tha  variance  of  the  function* 


Var(f(r)),  ia  given  by 


Var  (f(r))  »  Bl(£{r)  -  f(r))'l 


Substituting  Eqs.  24  and  25  into  Uia  above  aquationf  tha  folloifing  relation  ia  finally 
ebtalnadi 

Bqa.  25  and  26  are  the  fundamental  formulaa  concerning  tha  mean  valua  and  varianoa  of  the 
function  f(r),  reapaetivaly.  Neglecting  the  third  term  of  the  right  hand  side  of  Bq.  24, 
the  following  foznulaa  are  abtalnad«  Inatead  of  Bcp.  25  and  26i 


l(r>  =  «(f) 


(27) 


(28) 


Ihe  pair  of  Bv.  25  -  26  and  Bv.  27  •  28  are  called  the  focnulas  of  "  tiie  Second  Bxpanalon 
of  PEobabllity  Variance  "  and  *  tJie  first  Expansion  of  Probability  Varianoa  "#  respectively. 
In  this  paper. 

BarthquaXe  l>eaPoiM|e  of  Stgucturea      oonaidaKliia  noi^a^f antniatio  variablaa 

Tha  theoretical  astproachf  oonoemlng  an  earthquake  ze^onsa  of  a  structure  siibjaotad 

to  a  random  distuzbance,  haa  been  given  In  part  2.   The  fulidamntal  stochastic  variables  r* 

considered  in  this  application,  are  naaaea  a,  mfitistq  oonstanta  k,  a  Amdamaatal  danping 

conatant  of  the  paraneters  concerning  power  spectral  propertlea  of  the  ground  motions, 

namely  u  ,  ^  and  s.    All  the  V2uriables  are  shovn  in  Table  1.    Consequently,  the  number  of 
g 

fundamental  stochastic  variables  are  2N+3L+6,  where  N  and  L  are  the  number  of  stories  of 
the  structure  and  the  nunber  of  peaks  on  the  spectrum  of  the  ground  notions «  respectively. 
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Applying  tile  foanalM  of  "the  First  ftqpwiwlon*  27  and  28  into  the  umiiiufc  tmpoamm 
|x|m«  glvM  by  >«•  23*  tho  follcwing  ovwtieni  wo  cbtatnod. 


l«U<r)-|«U(f)  ^^^^ 

V*r(|x|«.(r))-^(-^M^^)'  v.r<r<)  ^^^j 


Hm  former  equation  can  be  directly  evaluated.    However  in  order  to  solve  the  letter  equation, 
the  following  is  required.    Firat  Differentiate  Eq.  23  with  respect  to  variable  r^, which 
glvaa  tiM  iollcMliig  equations  tax  eaoh  oonflition  of  tbm  atibacaript  i. 
for  lal  {Tf  ooEKOspoDda  to  dnrstlan  tlaa  V) 


1 


(31) 


for  f^l 


Hi) 


2  2  ~7  '  2 

The  variance  and  correspond  to  naan  squares  Z  and  2  ,  resp«ctivelyt  for  relative 
displacenanta  to  the  ground,  namely 

*j»  -  as 


Ibe  following  oqaatlona  are  dlreetly  obtained  by  differentiating  Bqs.  33  end  IS  with  re^peot 
torj^. 


6tt 


=  _L_(_!ZL_) 


I     X  ^  ^  <34) 
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and 


(35) 


FDC  relative  story  displacements  and  thos«  substractlng  the  XOCklng  effect*  Bqs.  21  gmd  22 
axe  applied  instead  of  Eq.  18.    The  unknowns  in  the  above  equations  are  differential  of 
X^^*  C^j,  D^^f  and  4^^^.    These  are  derived  in  the  following 


9x  , 
si 


Differentiating  Bq.  18-1  with  reject  to  r^^*  the  differential  of  x^j  is  represented  br 


where  dFj/drit  is  obtained  by  Bq.  8,  on 


(37) 


The  differential  of  c  o..,  and  E  refeorlng  to  B^.  19-2  to  19-4  are  rapresented  as 
follows  f 
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9C^ 


(38) 


9*A, 
•t4 


(39) 


 ,j5(-Ti^)  +  (-Tr^)+«'** 


<40) 


'  ^i\j^^^iL   ^  ^'^^  '^''^  aviations  «m  darlvad  ftw        20-1  to  20-6, 


raapaetiwlyf 
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yOnuM  i^^/ir^  is  obtained  B«.  7«  nanely 


<42) 


TiM  othar  uakiWMW  in  tlM  abeva  aqMatleas,  iMnaly  ^3^/  3r,  and  du./3rj#  ara  obtai  ned  by  an 

J  3  (4)  (6) 

application  of  tba  fonmlaa  of  "tha  Firat  Bi^pansion*  to  an  aigan  value  problem, 
itaaraforep    the  right  band  aide  in  Eq.  3-  can  ba  ealeulatad  witb  tba  above  equations,  irtiicb 
ara  rapraamtad  by  the  differential  of  the  fundanantal  variables  shown  in  Table  1.  There- 
fore, the  mean  value  and  variance  of  the  iii£uciinuin  resi>onaa  |x|iBa]|  of  a  atructure  can  be 
theoretically  estimated  by  Eqs.  29  and  30,  if  the  meem  value  and  variance  of  the  fundamental 
variaO^les  are  determined.    The  above-mentioned  relationship,  used  to  obtain  the  mean  value 
and  variance  of  the  maxlnrjiri  response  of  a  structure  subjected  to  earthquake  ground  motions, 
are  based  on  the  formulas  of  "the  Fir-^t  Expansion",  namely  Eqs.   27  and  28.     Applying  the 
formulas  of  "the  Second  Expansion"  represented  by  Eqs.  25  and  26  instead  of  "the  First 
Bxpansion"  to  this  problem,  instead  of  Eqs.  29  and  30,  the  following  equations  are  obtained; 


(44) 


3*  — 

fba  roBBining  wdnoim  term  is  -k — ^        (Ixi  <r}),  in  the  above  equatlona  as  the  first 

arj^drj^  max 

terms  of  tba  ri^^t  hand  side  in  the  above  both  aquations  have  bean  derived.   This  tern  can 
ba  easily  derived  in  the  same  was  as  described  above.   The  derivation  of  Om  theoretical 
ralationahip  oonoeming  *the  Second  Expansion**  is  osiittad  in  this  paper. 

Earthquake  Reaponae  of  a  Three-Storied  Structure 

In  thia  aaction,  the  theory  oonoeming  the  earthquake  response  of  a  structure #  deacribed 
in  the  previous  seotion,  ia  applied  to  a  3-atory  reinforced  concrete  structure  with  away 
and  rooking  upriXkgB  under  the  foundation.    The  dynamic  behaviour  of  the  structure  ahown  in 
Pig.  2  is  analysed  aa  follows,    llie  oonstanta  of  the  structure,  sudi  as  maasas  and  spring 
eonstanta,  ara  shown  in  Table  2,  where  m^.  If      and  k|^  are  the  naas  of  the  foundation,  the 
moaant  of  Inertia  about  the  center  of  the  foundation,  sway  and  rocking  spring  constants, 
raapactivaly.    The  away  and  rocdcing  apring  eonatanta,  k^  and  kj^,  are  obtained  by  tha 
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rslatlonBhlp,  in  idilolh  and  ajem  thm  dynaiRie  coeffieiant*  of  siibgrade  reaction  in 
horiaontal  and  vartical  dizactionaf  safpactivaly. 


B  and  L:   breadth  and  longitude  of  the  foundation*  respectively 

3 

•  kig.cm 

apring  constant  k  ia  eatiMtad  on  tha  following  considarationai 


Table  2  PtramUrs  of  3>stoHid  Structure  antlyzed 


MIM  I 

Spring 

NHS  Valtti 

Coefficient 
of  Viriatlon  | 

Elesent 

Nmr  Veliie 

Coefficient 
of  Variation 

■I 

0.130  **«'iie« 

0.17 

J77.8  '^^^^ 

0.1 

■2 

0.11» 

0.17 

410.6 

0.1 

■3 

0.204 

0.)7 

363.0 

0.1 

0.400 

0.17 

H 

1300 

0.2 

t 

0.17 

2.166i.l0^""'-'* 

0.2 

Considaring  a  atrueture  having  a  relatively  rigid  horisontal  aoabers,  spring  constants  of 
each  story  of  ttia  atnictura,  k,  are  rcpraaantad  by 


(45) 


tthara      are  tha  valuaa  of  horisontal  rigidity  of  each  vertical  awnlbar  at  a  corresponding 
story  and  these  csn  be  obtained  by  the  iMthod  of  D-v«lue.    Applying  tha  fotnolas  of  "tha 
First  Bjownsion"  to  8q.  45,  tha  iiean  value  and  varianca  of  the  spring  constant  k  are 
reprasantad  by 
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Is  -  i  *, 

(46) 

1*1 

Therefore,  the  coefficient  of  variation  3^   of  the  spring  conctant  k   ia  represented  by 


(47) 


Oensldarlng  tbat  tba  aaan  value  and  variance  of  all  vertical  weabvCB  have 
the  B»m  valve*  Sq.  47 


-VN  Vw(*)  / N*  -  y^/VJC  (46} 


Hfhere       is  the  coefficient  of  variation  for  the  horizontal  rigidity  of  each  vertical 

member  at  a  story.    Based  on  the  statistical  arrangement  of  materials,  the  coefficient  of 

variation  O.    for  the  horizontal  riqidity  of  reinforced  concrete  columns  is  estimated  as  0.3. 
k 

The  values  of  the  coefficients  of  variation,  shown  in  Table  2,  were  obtained  by  application 
of  Eq.   4B  in  which  dj^=0.3.     The  values  of  the  coefficients  of  variation  for  sway  and  rock- 
ing spring  constants,  k    and  k  ,  are  0.2.     These  values  were  estimated  from  the  variation 
of  the  natural  period  among  many  standard  5-stcry  apartment  houses     constructed  by  the 
Japan  Housing  Corporation.     The  values  of  the  coefficients  of  variation  for  mass  were 
determined  by  the  relationship  which  is  obtained  by  application  of  the  formulas  of  "the 
Pirst  Expansion"  to  the  equation  of  eigen  value  on  a  single-degree-of-freedom  systan.  In 
ttiia  case,  the  coefficient  of  variation  for  the  natural  period  of  the  system  is  asaunsd  to 
be  0^-0.1*    The  Man  value  and  coaffiolent  of  variation  of  the  damping  constant,  for  a 

fundanental  node  used  in  this  «Kangple,  are  h."0*06  and  9.  eo.3,  respectively.    These  were 

i  hi 

deteradned  hy  a  statistical  analysis  of  the  materials  concerning  damping  constants  of 
■any  actual  structures.    Finally,  the  properties  of  ths  earthquake  ground  notions  must  be 
detamlnsd*    in  tiiis  example,  it  is  assumed  that  the  structure  is  constructed  in  Huroran, 
nhere  many  strong  earthquakes  have  been  observed.    Fig.  9  shows  the  power  spectra  of  a 
ground  accelerations  observed  in  Muroran  Harbor.    However,  a  slnnalated  power  spectra 
corresponding  to  those  of  the  Observed  earthquakes  can  be  obtained  by  use  of  ig.  14,  tfhere 
parameters  u  ,  C  nd  a  In  Bq.  14  are  assumed  as  stochastic  variables.    Pig.  4  shews  the 

g 

simulated  power  spectra.    These  two  figures.  Pigs.  3  and  4, are  quite  similar  to  each  other. 
Therefore,  the  simulated  power  spectra  shown  in  Fig.  4  were  utilized  in  the  following 
numerical  calculation.     The  prescribed  mean  value  and  variance  of  parameters  ixi^,  K  *r>d  s  on 
the  simulated  power  spectra  are  shown  in  Table  3.    The  standard  deviation  of  the  ground 
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Table  3   Constants  for  ^in-Liafcd  Power  Spectra!  "-'nsUy  PunctiOn 
of  Earthquake  Ground  Motion  at  Huroran  Harbor 


Ne*n  Value 

Coefficient  of 
Vartetlen 

PredcMfmnt  F^vquency 

^5^5yrad/sec 

*» 

0.16 

OMpIng 

€ 

0.235 

0.08 

PoMtr  Lovel 

S 

0.77 

motions,  having  tiiio  simulated  power  spectra,  0..  ,  is  70  gals.     Tlie  maximum  acceleration  is 

XCjf 

ed>out  3  tloies  as  great  as  the  standard  deviation  in  this  case,  uamaly  210  gals.    The  nean 
▼alue  and  coefficient  of  variation  for  a  tins  duration  of  the  ground  aotione  era  esetned  to 
be  ^30  seoonde  and  3  ^O.Z. 

Fig.  5  efaowB  the  etoehatetic  dietribution  of  the  leniimiw  responses.  The  solid  lioee  ia 
the  figure  show  the  aean  values  of  the  wexiiwn  dieplaeenents*  The  breiken  ohein  lines  ahew 
the  confidence  band  located  on  either  side  of  the  man  value  at  a  distance  of  the  standaxd 
deviation  and  the  naximai  di^laceaienta  corxeaponding  to  95%  probability.  The  probabili^ 
distribution  of  the  aMiiriwwi  reeponsee  is  aesnsaed  to  be  Guabel's  rirst  Asyavtotie  Dietribu- 
ticQ.  the  coefficient  of  variation  of  the  PHOEimun  dlsplaesnHDts  end  the  ratioe  of  the 
nean  maxiwuw  divlaceowntSf  corresponding  to  95%  probability  to  Hie  naximiB  displaoeaentap 
are  ahoen  in  Fig.  6.   The  coefficients  of  variation  of  tlie  aaxiMum  dieplaeea»ntB  are  about 

0.3  to  0.4  and  the  naximum  displacements,  corresponding  to  95%  probability,  are  about  1.8 

times  as  much  as  the  mean  nuuclnuni  displac«»ments.     This  fact  shows  that  the  stochastic  vari- 
ation of  the  earthq-jake  response  of  a  structure  is  extromc-ly   '  iportant  in  designing  a 
Structure  with  proper  safety  against  earthquake  ground  motions. 

Effect  of  Stochastic  variables  to  variation  of  garthcruake  Response  of  a  strgctye 

The  structure  nodel  used  in  the  previous  section  is  exenined  again  in  tiiie  section. 

The  coefficients  of  variation  of  the  stochastic  variables*  used  in  the  previous  s^ection* 
are  employed  as  the  standard  values  of  these  coefficients  of  vari<ition.    varying  indepen- 
dently all  the  coefficients  of  variation  of  each  one  of  all  stochastic  variables,   in  the 
range  of  c.C^  to  D.4,  gives  the  results  shown  in  Fig.s  7  to  9.    The  significant  features 
in  these  figures  are  as  follows t 
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(1)  The  most  Influential  factor  in  the  variation  of  the  naxiinum  diaplacementfl  ia  the 
variation  of  the  predominant  frequency      of  the  earthquake  gxaanS  Motions. 

(2)  The  variation  of  the  mpxinq  constants  k  of  tiie  etnieture  is  the  mat  influential 
factor,  as  well  as  the  predominant  frequency  to   of  the  earthquake  ground  motions i 

to  the  variation  of  the  mcucimum  story  displacenent. 

(3)  The  variation  of  mass  m,  fundamental  damping  constant  h^  of  the  structure  and  the 
damping  constants  ^  in  the  power  spectra  of  the  earthquake  ground  notions  ore  not 

signi  f i  cant. 

(4)  The  variation  of  the  spring  constants  of  the  structure  is  not  influential  in  the 
variation  of  the  tnaxinum  response  of  the  foundation.     Similarly,  the  variation  of 
the  sway  and  rocking  constarjts  is  not  influential  in  the  variation  of  the 
maximum  response  of  the  structure,  except  for  the  four.dd.tion. 

(5)  The  variation  of  the  duration  of  time  of  the  earthquake  ground  motion  is  not  an 
important  factor. 

In  this  axaiiple,  the  predoninant  period  of  the  earthquake  ground  motions  is  0.4  aeconda, 
while  the  fundammtal  period  of  the  structure  is  0.38  seconds.    Therefore,  it  is  natural 
that  the  variation  of  the  predominant  frequency  of  the  earthquake  ground  motion  is  an 
iaiiortant  influential  factor  with  respect  to  the  variation  of  the  maalmuw  response.  Henee# 
it  must  be  recognized  that  the  feature  described  in  <1)  is  not  general.    It  is  eiqiected  that 
the  variatloD  of  the  predominant  firaquency  of  sudi  earthquake  ground  motions  as  white  noise 
excitations  are  not  effective  with  respect  to  the  variation  of  the  maximum  response. 


A  study  of  the  stochastic  eartiiquake  response  of  a  structure,  which  consists  of  a 
nondeterministic  stochastic  variables,  is  ei^lained  in  this  paper,    if  the  statistic 
properties  of  Hb*  nondeterministic  variables  relating  to  the  problem  of  earthquake 
responses  of  structures  can  ]ae  obtained  with  sufficient  accuracy,  then  the  response 
properties  of  a  structure  subjected  to  earthquake  gvomd  motions  can  be  reasonably  evaluated 
by  the  stochastic  theory  described  herein. 


Conclusion 
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FigJ  Relation  between  Coefficient  of  Variation  of  Maximum  Story  Displ»e 
MfatrBctlDf  Rocking  Effect  mid  ot  Variablet  on  Input  and  Syttem 
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Ihis  pip«r  d«wm«trat«t  a  Mthod  foe  dBslgnlng  iMst-wttiglit,  or  optialMd,  stnxetuBWi 
Khun  a  thr—hold  foaqoenoy  (within  agpgopriata  focoa  factors)  ia  kaoim.    Aa  pcoeaaa  ia 
hi^y  aaanabla  to  a  Jel>-br-jOb  asplioation  dua  to  ita  aiaplioity.    Snail  ■athaanHoal 
aodals  of  a  atruetura  can  ba  analysad  fay  a  hand-oaloalator  wtaila  atandaxd  statio-load 
flaita  alanant  progra—  can  ba  uaad  foe  larga  atructuma. 


Kay  NOKdai   I«aat'  walghtf  optiniaationf  atmotnraa*  fraqoeiiGT  raaponaa. 
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Introduction 

terospacs  dasignars  have  long  bscn  designing  coraponent  atruoturaB  to  a  ■rfnlaal-fantor- 
iiiantal«  or  "thraataold*,  fraquancy  spaeiflcatlon.    Xn  ganaral,  ^namle  foxca  lavals  iaipoaed 
in  audi  daaigns  are  datMainad  fay  the  principal  inartiai  force  exeitatiom  to  whi^  the 
etruetture  under  design  will  be  aiibjeeted  at  fregneneiea  known  to  be  below  the  specified 
"thraahold  design  fregucatqf".    andoidjtadly  such  concepts  nay  have  bean  used  In  various 
earthquake-related  analyses  and  dealgns.    More  foxnallsad  pcoeedures  as  specified  by  vari- 
ous codes,  however*  fall  into  two  categories t   a  table  of  conponant  forces  (whidh  often 
result  In  grossly  conservative  or  groasly  uadardaaignad  structures)!  or  sophisticated 
conpater  analyses  using  detailed  models  lAich  undergo  dynaaio  tiae-biatory  force  aianilaitiona* 
Su^  sofiiistleatlon  is  well  known  to  be  eaoensive,  tiBa-oonsiuidiig  and  sosiawhat  arbltrazy  in 
earthquake  analyses  due  to  the  amnrexlnatlons  used  as  the  forcing  funetiona*    8ui6b  large 
programs  often  hav«  the  hazards  of  inadequacies  in  the  natbanatical  algorithms  and  error- 
conditioning  problsM  with  large  acdels. 

Although  it  may  not  appear  as  generally  applicable  for  ground-suppmrted  structures,  the 
design  of  siibstructures  for  earthquake  induced  forces  could  use  such  aerospace  methods. 
By  "substructures"  here  is  meant  any  component  structure  for  which  the  predominant  fre- 
quency to  which  it  may  be  subjected  is  known  to  a  reasonable  degree  of  accuracy.     For  ex- 
ample, radio  towers,  watertanks,  electrical  gear,  etc.  which  are  supported  by  larger 
structures  will  be  subjected  to  the  natural  frequencies  of  the  "base  structure"  regardless 
of  the  earthquake  spectrum.     (Technically,  "larger"  structure  would  imply  considerably 
higher  dynanic  nodal-mass)     By  knowing  the  approximate  amplification  factors  for  the 
principal  contributing  frequencies  {and  corresponding  base-excitation  levels)  of  the 
"base  Btnaeture,"  a  substructure  specification  for  the  1)  dynamic  aiaplification  factor, 
2)  arbitrary  safety-factor  and  3)  tivediold  design  frequency  can  be  detaminad.    (Ihls  haa 
assumed  consideration*  where  necessary,  for  an  asswisd  mass-spring  representing  the  sub- 
structure as  part  of  the  "base  struettire*  model.)    Rie  arbitrary  factor-of-safety  would 
take  into  consideration  the  spread  between  the  ^wcif led  threshold  dssign  frequency  and 
the  fundamental  {or  major  contributing)  frequanoy  of  the  "base  atructure",  in  addition  to 
the  aasved  possible  accrued  errors  in  tiie  particular  analyses. 

For  these  reaaons*  this  paper  demonstrates  a  method  for  designing  least-weight*  or 
optimisedr  stzucturas  whan  a  thrediold  frequency  (with  apporapelata  force  factors)  i« 
known.   The  process  is  highly  amenable  to  a  job-by-jcb  application  due  to  its  slnplicily. 
anall  mathanatical  models  of  a  stureture  can  be  analysed  by  a  hand-calculator  while 
atatic-load  finite-element  programs  can  be  uaed  for  larger  structures.    Design  (meirtJBi 
selection)  methods,  whether  by  hand  or  by  special  program  algorithms,  becomes  the  sane 
common  set  of  procedures  as  urould  be  introduced  in  aiqr  cptlaumrdasign  methods. 

Structural  OPtimigatlon  Metliods 

With  the  increasing  avallabili^  and  Intrlei^  of  finite-element  matrix  programs  for 
structural  analysis*  there  has  been  a  growing  interest  in*  and  davelopMnt  of  atructnral 
optimization  procedures  to  augmiutt  those  programs.    They  generally  optimise  by  minimising 
weight  and/or  cost  or  a  similar  objective  function.    Finite-element  programs  use  matrix 
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x^M«n«*tionBf  or  Idaallsatlonsr  of  roal  atruoturM  for  the  puzpoafl  of  behavioral  aaalyaaa 
uater  various  loading  conditions  and  constraints. 

Moat  methods  and  acplicatlona  involving  optimization  of  iynamie  properties  and  behavior 
of  structures  have,  in  general,  incorporated  the  baalo  procedures  of  prior  stodlea  In  opti- 
■isation  under  static  load  conditions. 

The  goal  in  structural  optimization  is  to  mininize  a  prescribed  merit  function.  This 
merit  function  could  be  weight,  cost,  fabrication  criteria,  or  a  combination  of  those  ('')« 
Active  constraints  on  the  minimization  of  the  merit  funct:-on   (or  "optinality  criterion") 
would  be  the  analysis  equations  for  the  set  of  design  variables,   such  as  stress  solutvons 
for  the  design  of  the  members.    Side-constraints  would  k>^  lirnits  0.1  displac-ements ,  mininiurt 
member  sizes,  etc.    These  cotiscraints  must  not  be  vioiatLd  when  optinizing  the  natheaatieal 
representation  of  the  structure  to  a  particular  merit-function.     In  tl-uDss  oasea  where  the 
geometry  is  to  be  optimized «  voluae  or  apace  oonatraints  raay  be  iaposed. 

Structural  optiidaatlan  nathcda  can  be  divided  into  two  general  categozieai  nathoMti- 
cal  programing  involving  aearch  techniquea^  and  qptinality  procedorea.    The  principally 
identified  a*thoda  in  tlie  first  category  are  faaaible^iiaable  direction  (16) ,  gradient 
prejeetien  (17)  #  optiaim  vector  (8,9) ,  linear  pcograafdng  (15)  and  allocation  (13) ,  all 
being  defined  aa  eiqplicit  ainiiisation  proceaaea*    xaplieit  niniaisation  nethods  in  the 
aanw  general  nathaMtieal  aear^  category  are  steepest  deacenta  (18) ,  adaptive  gradient* 
(19) ,  varUble  Mtrio  (20)  and  eonjugata  gradients  (21)  *  These  identities  are  indieative  of 
tiia  redaaign  aaarch  routine  algcxitha.    *U9licit*  natliods  uae  penalty  functicna  (14)  to 
tranafow  a  conatrained  «ial«dsation  probleai  to  an  unoons trained  one.    oonoaptnally,  theae 
can  alao  tranafbn  diserete  valuea  of  the  deaign  variables  into  general  unoonatraiBed 
functions. 

The  optimality  procedures  include  fully-stressed  dei-sgn  {22,  iw,  24,  25,  2ti,  27,  4;,  oni- 
form  strain-energy  denaity  (28,  29,  27),  aionaltaneoua  bucicling  (30*  6),  and  linlt  deaign 

(10,  12,  3). 

Most  examples  demonstrated  ir.  the  mathematical  searc}L  tcclir.iquc  group  have  been  small, 
simple  models  o:  structures,  generally  involving  static  loading  conditions.     These  ^iroced- 
ures  are  very  time-consuming,  may  not  monotonically  converge  <Uid  involve  auch  ^rug^aiimujag 
effort  (8,  9,  16). 

Virtually  all  practical  applicationa  involving  Icurgex  model  representations  of  real 
structures  have  en^loyed  one  of  the  optlaali^  oethoda.   oonceptttally,  the  optiaaliQr 
■atlioda  require  solution  of  first  derivativea  of  the  nerit  function,  or  a  autastitute  ftmotion 
in  which  case  the  aetiiod  ia  olaaaified  as  a  adbatitute  cptiaality  prooeaa.    (For  exatvlSf 
the  use  of  fully-stresaed  convergence  ia  aubatituted  for  ninimm  weight.)    In  the  actual 
iterative  procedurea,  derivativea  are  not  calculated'  apecifically,  hence  the  redeaiga  ealoup 
lationa  are  relatively  few.    Xn  Idie  aatheBatioal  aeardt  technique,  hotfever,  aeoond  deriva- 
tives aust  be  extracted  or  aPPKOxlaated  at  each  iteration  to  detenine  aeneitivity  ooeffi- 
cients  for  redesign  toaard  a  wtniiw  of  thaawrit  Amotion. 


VI-24 


Digitized  by  Google 


The  two  substitute  optimality  methods  which  have  been  used  with  succM^  are  fully- 
stressed  design  and  uniform  strain-energy  density  design.    These  have  been  used  for  linear- 
elastic  design  structures.     With  the  exception  of  such  techniques  as  penalty  functions  (14) 
in  thf^:?iatheinatical  search  procedures,  in  general,  with  the  exception  of  specific  side- 
constraints,  must  have  equivalent:  linearized  functional  representation.     Such  linear  repre- 
sentation of  discrete  values  are  generally  approximate  and  cannot  always  be  so  expressed. 

In  the  realm  of  optimization  of  structures,  the  penalty  function,  or  unconstrained 
optimization,  techniques  have  not  been  very  efficient.     Such  penalty  functxo.Tis  introduce 
near-singularities  in  the  search  process  with  consequent  instabilities  (7). 

Hast  literature  on  a^plioatlDiis  and  comparative  reviews  coaelttde  that  the  nore  effi- 
cient and  suceeeefnl  Mtliods  have  been  those  of  the  ajptinality,  or  substitute  optinality 
oate9ory. 

It  has  long  bera  known  that  alniple  structures  optisiized  under  a  one-load  condition  will 
converge  to  a  deteminate  structure  in  the  absence  of  side-constraints  which  Maintain  odni* 
mum  sises  for  all  nenbers  in  the  original  Btruct\ire  (25) .    (One  frequency  constraint  is 
considered  the  dynanie  equivalent  of  a  one  loadr^condition.)    That  detervinate  structure 
will  have  Melisr  sizes  determined  only  by  the  forces  in  the  nenbers.    The  allowable  strees 
could  be  prescribed  by  strengthf  yield  or  buc)cling  criteria,  and  nay  be  different  for  each 

Vhe  two  methods  used  todior  foK  practical  sise  problems  under  dynamic  constraints  or 
loading  conditions  are,  as  in  the  case  of  static  loads,  the  svfbstitute  optimality  approaches 
of  fully-stressed  design  and  uniform  strain-energy  density  design.    These  two  produce  the 
same  optimum  structure  when  the  structure  is  made  of  only  one  material. 

In  the  case  of  resonant  frequency  optimization  by  fully-stressed  rrethcds,  the  allowable 
stress  is  uniform  for  all  members  in  tho  structure.     This  is  to  say  that  if  strength 
crit»»ria  do  not  prpcliide  the  adjuni-e^i  stress-level,   fully-stressed  methods  in  the  dynamic 
resonance  case  will  reduce  the  stresses  uniformly  (thereby  increasing  sizes)  .to  provide  the 
stiffness  sought.     This  step  is  often  called  "proportioning".     Re-analysis  is  then  necessary 
as  the  mode-shape,  and  consequently  the  effective  force-distribution,  changes.    As  noted 
earlier,  side-constraints  may  be  introduced  to  preserve  strength  in  particular  nenbers. 

The  primary  use  of  structural  optimisation  procedures  in  dynanics  problems  has  been 
to  optimally  adjust  the  fundaiMntal  frequency  of  the  structure  while  assuring  all  additional 
strsngth  requirements. 

One  reference  (25) ,  is  of  particular  note  here  in  that  it  is  a  r^resentative  practical 
anplicaticn  of  optimizing  a  real  stmetore  to  a  fundamental  frequency  threshold  level  by  the 
fully-stressed  substitute  optimality  epproech.    The  aathore.  Young  and  Christiansen,  point 
out  that  they  do  not  find  an  obsolutSf  or  global,  optimum,  but  they  do  produce  a  "good, 
efficient  structure." 

Their  procedure  was  essentially:    1)  produce  an  original  design;  2)  analyse  for 
resonant  frequencies  in  the  reduced  nodels,  mode  shapes  and  oorresponding  modal  forces  in 
the  detailed  nodel;  and  3)  redesign  (or  proportioning).    These  three  steps,  basic  design, 
analysis  euid  redeeign,  are  the  fundamental  steps  oonmon  to  all  iterative  optimisation  mstadik 
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This  paper  deacrllMS  a  8iaplie«  stable  natliod  foe  adjuBtmant  of  the  entire  freqvwmqr  set 
to  a  MrinlmiiM  level.  The  structure  adjtisteA  by  this  efficient  method  will  be  siettltaneetMly 
Opti»ised  to  a  least  weight  critericnt  witiwilt  ra^iuiring  the  use  Of  eiqenvelue/eiqenvector 

extreetion  routines,  or  algorithms  to  transpose  node  shapes  to  forces.    This  procedure  eon- 
verges  rapidly  and  requires  only  standard  finit^eleeent  prograns  for  static- load  oooditlons* 

Procedure 

For  thoee  cases  Where  tiie  entire  set  of  eigenvalues  is  shifted  to  provide  a  Amdanental 
frequency  above  a  prescribed  ainianm  level ,  praportioning  of  the  structure  is  possible. 
MetiMds  for  total  adjustaent  with  propoaftioning  have  been  presented  in  the  literature  es 
described  esrlier.    It  is  often  possible,  however*  to  obtain  such  results  by  a  rapidly 
oonverglngt  stable  process  using  finite-element  prograns  written  for  static-load  eaalyses. 
The  eoonony  so  realized,  as  contrasted  to  the  use  of  eignevaiue  extraction  routines,  permits 
the  use  of  larger,  more  detailed  models  in  these  instances.     The  eletriGnt  of  instability  of 
conparable  methods  in  the  literature  is  principally  inherent  in  the  algorithms  used  to 
transpose  Tiode-shapes  to  relative  forces  in  the  structural  elements   (25,  4).     Modal  extrac- 
tion and  transposition  are  not  explicity  required  in  the  familiar  Rayleigh  energy  method  to 
obtain  the  fundamental  frequency  of  a  structure.     Also,  by  using  the  more  detailed  model 
of  a  structure,  rotary  inertias  generally  become  insignificant.     Their  exclusion  in  a 
Rayleigh  approxiaiation,  consequently,  does  not  seriously  affect  the  results. 

Statio  equivalent  loads  lAlcAi  oan  be  fastored  by  any  arbitrary  constant,  are  imposed 
by  ratio  and  dirsetion  in  aocordanoa  with  the  assuasd  (apprcociaiate)  ffnnflanental  node-shaps. 
Resulting  forces  are  then  extracted  by  the  routine  stiffness  natrix  procedures  for  static 
loads.   The  foroe  set  is  then  linearly  proportioned  to  achieve  a  fully-strssed  state  in 
that  Buftier  irtiiefh  experiences  the  nuaerioally  largeat  force  using  the  prevailing  sine  of 
that  MMhnr     All  MiBbers  are  then  slBultaaeously  proportioned  to  the  forcee  and  scaled 
by  ant  ratio  of  A^/X^  where      is  tiie  desired  eigenvalue  level  and     is  the  currently  ex- 
tracted appcoKliwtion.    The  process  is  repeeted  using  applied  forces  proportional  to  the 
latest  node-shive*   The  iteration  is  ocmplete  in  the  Bayleigh  method  %fhen  the  extracted 
approximates  \^  desired. 

This  aoALf led  sayleigh  laetbod  is  simultansously  converging  to  the  true^aode  sh^pe  of 
the  fundnmtal  mode  while  being  proportioned  ecoordingly. 

In  most  cases*  an  (qppcoixiiMite  mode-shape  is  knomn*   When  this  is  not  the  case,  it  would 
be  advisable  to  use  a  procedure  such  as  the  "inverse  power  method  with  shifts"  to  extract 
the  fundamental  frequency  and  its  corresponding  mode-shape  for  only  the  first  step''^'''' 
Following  adjustments,   the  routine  Rayleigh  method,  as  modified  above,  may  then  be  used. 

Convergence  can  be  assured  by  checking  the  total  structural  weight  upon  each  successive 
redesign  step.     If  there  is  a  divergence  due  to  a  poor  estimated  mode- shape,  it  is  only 
necesseury  to  carry  the  Rayleigh  iteration  to  successive  steps   (without  proportioning)  until 
convergence  is  assured.     The  advantages  or  this  metl^od,        contrast  to  those  in  the 
literature,  are  1.  since  only  the  fvmdamental  frequency  is  of  concern,  th«  Kayleigh  method 
is  efficient  and  eoomomicali  and  2.  the  element  foroes  are  already  known  during  eaoh  step 
to  the  prooeee. 
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The  following  i«  a  stateaent  of  the  basic  Bayl«igb  iterative  steps. 


r»l 


P  .  4" 


J 

r=l 


Nhere  F^^  ara  tha  inertlm  f(«OM  eorr— peaidlng  to  an  aasoBed  (or  prior  ealamlatad) 
■eda  aludsaa 

A"  (^"^  ara  tha  daf  laetlaas  dua  to  F^^  nhara      1«  tha  noznallxad  vacton  (5) . 

Ex^Ullple 

A  simple  3x3  matrix  mcKiel  is  shown  in  Figure  1.     The  schematic  spring  model  corresponding 
to  the  structural  model  is  identical  to  one  used  in  Reference  (5) .     The  first  iteration 
cycle  la  identical.    Tha  subsequent  steps  toward  weight/frequency  optimization  can  be  ofii^ 
parad  with  tha  alenantacy  nathed,  in  that  raferenca,  nhareby  only  tha  axtraetion  of  tha 
original  fundanMintal  fxm^amay  was  raqpiirad. 


M, -2  Ib^aeViit 
(772  lb) 

M,-l  Ib-sec'/ln 
U86  lb) 

M3-1  ib-aaeVin 
^  {3«6  U) 


//////// 
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«f  FundatDanCat  Praquaocy  by  Kaylelgh  Hathod 


mbla  1  illuatrataa  tlia  at^pa  in  a  aianltanaoaa  Ri^laigto  extraction  of  tita  fandanantal 
fraqiianqr  of  thia  atnietura  vhila  pcoportloniiig  oMofcara  to  optlBlaad  ita  weight.   It  oon* 
currently  shlfta  the  fundawental  fregoancy  to  a  ^aacrlliad  threahold  level  of  u  ■  30  rad/sec. 

Hie  asaumed  node  ahapa  la  obtained  hr  a  Ig.  force  on  each  naas*   Ihe  first  cycle  pco- 
dttcea  a  frequency  of  28*2  rad/aect  and  a  node  rtiape  of  1*  2.02  and  3*22.   The  spring  stiff- 
neaaea  (used  in  the  Fig.  1  edieaiatie  to  Illustrate  the  wthod)  are  then  adjusted  to  6000, 
4340,  and  2670  Ih/ln  to  raault  in  a  unifora  stess.    This  is  obtainad  in  this  eaae  by  assuning 
tha  affective  apring  lengtha  equal  and  spring  stiffnesses  proportional  to  area.    If  a  spring, 
therefore,  has  twice  ttm  area,  it  has  totice  the  weight  (for  the  same  lengths)  and  will  take 
twice  the  force  at  the  same  stress.    The  mode  shape  to  which  this  model  mist  ooverge  can  be 
recognized  to  be  1,  2,  3  fox  these  oonditions.    That  "conputed  a»de  shape"  is  achieved  in 
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aecond  cycle  following  proportioning  o£  ths  aprlngs.    That  cycle  produced  a  frequency 
111  •  29.5  (increeaed  due  to  the  baaia  of  the  spring  proportioning) . 

The  third  cycle  ia  exaotr  in  thia  Inatanoe,  aa  the  aaanad  and  conputed  onde-ahapea  eve 
Identical.    Vhe  reaulting  frequmcy  la  29.3.   An  adjuataent  by  oj/iiit  of  the  atifflnaaaea  to 
prodttoe  30.  rad/aec  reaulta  in  the  ninimai  total  weight  apringa  aa  ahown. 

In  conelttsioni  the  above  esianple  baa  denonetrated  "fully^atresaed"  optiaiiaation  oon- 
ourr«&t  with  tdurediold-frequenay  adjuatwent  by  ft  pKOoedur*  so  siiqple  as  to  penRit  ti» 
aolutlon*  In  ttiia  inatance,  by  the  uae  of  a  hand  calculator,    the.  uae  of  a  mdel  uaed. 
earlier  in  texta  (to  daannatrate  the  itayleigh  method)  waa  to  pemlt  ooopariaon  with  thia 
paper* a  augmented  method,    m  additiottr  Idie  particular  model  was  thoo^t  to  be  of  an 
"optimal"  variation  in  mesber  sizea  (for  first-mode  atresaea)  at  the  beginning  of  the  pico- 
ceea.    Further  efficiency  in  weight  was  obtained. 

Ihe  possible  appUoationa  to  eaxthqMake  design  of  sub-structures  become  most  apparent 
vpon  reviewing  the  reaaona  for  auch  requirements  and  applioations  in  the  design  of  aero- 
apace  structuree. 
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DUCTILE  SHEAR  WM.LS  IN  EARTHQUAXB-RESISTJUiT  NDLTISTORar  BDILDING8 


by 


Mark  Fintel 
Director^  Bnglneering  Services  Department 
Portland  Centsnt  Association 
Skoki«r  Illinois  60076 


ABSTRACT 


Slender  shear  walls  in  aultlstory  buildings  are  discussed  in  this  paper  and  answers  axe 

given  to  such  questions  as  "Why  do  we  need  then?"  and  "What  do  we  know  about  their  design?". 
Also  discussed  are  the  historical  development  of  the  use  of  shear  walls,  their  performance 
in  earthquakes  of  the  past  10  years  (both  good  and  bad) ,  and  finally,  the  available  design 
infornation  and  our  future  needs  in  the  area  of  dcrjign  of  shear  wall;,  for  rtrength,  stiffness 
and  ductility,  as  well  as  needs  in  the  area  of  analysis  for  the  dynamic  response  o£  shear 
wall  structures. 


Key  Words:    Buildings;  Damage;  Dyoaaic  Kesponse;  Earthquakes;  Safety;  Shear  Hall;  Stiffness. 
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Slender  ebeer  walls  can  be  defined  mm  vertleel  omtlleviere«  with  vaxiotta  caroee  eeotiaan 
aucdi  est    reotangnlaz  (a  vertical  plate)*  It  tait,  and  oUier  elevator  walla.    She  shear  walls 
aivpoct  the  vertloal  load*  In  addition  to  tJieir  function  to  atiffen  the  fraMs  in  their  re- 
sistanoe  to  lateral  leads  doe  to  winds*  sarthqoaks  or  blast.   Althov^  intsrior  and  extsrlor 
concrete  walls  have  been  used  to  stiffen  stmetores  as  long  as  reiafteced  concrete  itself 
has  been  in  use*  tiie  ■odem  ooooapt  of  dMar  walls  dssiftMd  ma  vertical  al«nd«r  cantllewrs 
were  first  utilized  in  1948  in  housing  projects  in  New  York  City  and  in  Chica^o-in  buildings 
deaigned  for  wind  forcea*  to  augment  the  lateral  resistance  of  the  frames. 

In  nonearthqueJce  areu  of  the  United  States  emd  Canada  concrete  buildings  with  more 
than  15  to  20  stories  are  usually  designed  with  shear  walls,  primarily  to  improve  their 
stiffness.     Economically,  the  inclusion  of  shear  walls  seems  to  be  the  least  expensive  way 
to  increase  the  overall  rigidity  of  concrete  buildings,  since  they  serve  the  triple  tonotioxx 
to  support  gravity  loads,  to  provide  lateral  resistance,  and  to  function  as  a  wall. 

Analysis  for  lateral  loads  of  buildings  containing  shear  walls  was  carried  out  initially, 
in  the  1950s,  by  assi-ja^uy  all  the  lateral  loads  to  the  shear  walls,  since  it  was  felt  that 
the  very  big  difference  in  stiffness  between  the  shear  walls  and  the  fraine  would  cause  tha 
ahear  walla  to  accept  the  total  lateral  loads.    This  inaccurate  assu2i«>tion  nay  have  be«n 
conssxvativs  fov  tb»  co^piatation  of  shsar  wall  ■owsiitsi  it  is*  however*  not  oomexvative  for 
tlM  fraaa*  and  particularly  in  the  UBPer  parte  of  tJie  building. 

FOznal  pcocodures  for  shear  wall-fraM  interaction  were  first  introduced  in  the  early 
sixties.  Fig.  1  diows  the  concsipt  of  the  iateraetion*  with  the  resulting  intumal  fOross* 
which  substantially  increase  the  overall  atifCness  of  the  ooobined  systan. 

Most  of  the  recent  fcoainent  nltra-hi^-riee  reinforced  coDcrete  buildings  ware  built 
without  any  additional  cost  for  the  lataral  Kuistanost  which  was  mostly  aoooanodated  within 
the  33  percent  inoreaae  in  the  allcwahle  atreaaea  whan  lateral  loads  are  considered,  fhe 
high  lateral  rigidity  was  achieved  aa  a  result  of  tbm  ahear  wall-frana  interaction. 

Performance  in  Earthquakes 

To  judge  the  merits  of  shear  walls  for  earthquake  resistance,  an  examination  of  theix 
performance  in  earthquakes  should  be  made*  and  particularly  the  comparative  behavior  of 
fraae  buildings  and  buildings  containing  ahear  walla  during  the  earthquakes  of  ttie  laat  10 
years*  starting  with  the  earthquake  of  Managua*  and  going  back  in  dironolcgical  order  to  the 
other  earthfoakea. 

Managua  Barthguake*  1972 

i!he  earthguaks  of  Managua  of  Dec*  23*  1972  seens  to  be  the  nost  significant  of  the  re- 
cent eartitguakea,^  sinoe  side  hy  side  were  two  buildings  (Fig.  2)  representing  the  tso 
different  structural  aystiM.   the  building  on  tb»  left  is  the  IS-atoacy  Banco  central  which 
is  principally  a  frsM  building,  uhile  the  building  cn  the  right  is  the  Banco  De  MMrica*  an 
18-stocy  shear  iiallfrane  interactive  ■ysten* 

ihe  Banco  Central  was  deaigned  in  the  early  19€08t  the  structural  system  of  the  tower 
(Fig.  3)  Is  a  one-bay  frame  with  two  small  reinfCrced  concrete  cores  end  an  infilled  wall  at 
the  md  of  the  building.    Tbaaa  stiff  slMMOts  any  have  done  the  structure  wore  bars  than 
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good  by  introducing  torsion  due  to  their  off-center  location. 

The  building  was  subjected  to  violent  shaking,  as  could  be  observed  from  the  damage  of 
the  nonstructural  elements,  both  inside  and  outside   (Fig.   4).     Except  for  the  4th  flcsor 
Bteel  roof  over  the  auditor iijjn  which  fell  off  its  support,   the  only  structural  dajnaqe  ob- 
served in  the  building  was  some  ripping  between  the  off-center  core  and  the  slab.     The  struc- 
tural frame  of  the  tower  itself  showed  little  distress.     There  was  evidence  of  yielding  at 
some  junctions  between  the  columns  sknd  the  beamsj  however,  the  structure  had  enough  ductility 
(whether  designed  for  it  or  not)  to  sustain  the  large  distortions.     Inside,  however,  the 
building  was  in  shambles  over  most  of  the  stories,  due  to  the  extremely  violent  shaking  ex- 
perienced by  the  building. 

In  csontrnvt,  thtt  building  across  tha  conuxt  th«  18-story  Bonoo  De  ADaricBf  (Fig.  2) 
axhltoitad  an  antiraly  diffarant  parfmanoa*  both  inalda  and  outaida.   i!he  plan  of  tha  build- 
ing contains  four  centrally  locatad  cores*  arranged  syinnetricttlly  within  the  perioral 
oolunn  systan  as  shown  in  Fig.  5.    The  cores  are  intereotineeted  by  two  rowa  of  stod^r  beaMr 
many  of  which  are  pmietrated  by  ducts.    A  general  connenti    tha  nuslbar  of  shear  walls  in 
this  building  is  substantially  higher  than  ia  uaually  provided  in  wind-reaiating  buildinga 
of  ooovarable  height  and  plan  size. 

The  interconnecting  beans  between  the  cores  suffered  repairable  shear  danngs  through 
nost  of  tha  height  of  the  building.    Obaarving  tha  large  anount  of  flexural  rainforcentsnt 
in  the  beans f  it  Should  be  recognised  that  it  is  alnost  Inpossible  to  provide  enough  shear 
capacity  (whether  tiie  beasa  are  penetrated  by  ducts  or  not)  to  be  able  to  develop  flexural 
hinging  at  the  ends  of  the  beams. 

There  was  very  little  evidence  throughout  the  height  of  the  building  of  any  violent 
shaking.   All  the  furniture  was  in  place «  and  there  was  no  discernible  nonstructural 
damage . 

A  comparison  of  the  above  two  buildings  shows  that  both  wore  well  dcsicmcd  and  well 
constructed,  within  several  years  of  each  other.     Both  buildings  were  designed  according  to 
the  United  States  west  coast  standards  in  force  at  the  time  of  their  design.    Although  both 
buildings  were  subjected  to  the  same  earthquake  motion,  one  had  very  severe  architectural 
daxaagc;   the  other  could  be  reoccupied  iBUtiediately  while  the  repairs  proceeded.     There  was 
only  one  difference  between  the  two  buildings  -  a  healthy  system  of  shear  walls  which  re- 
stricted the  interatory  diatortionSf  thus  providing  damage  control. 

Pigs.  6  and  7  show  another  pair  of  conparative  buildinga  froa  the  Managua  earthquake. 
Both  of  these  5>story  buildings  were  located  in  areas  of  high  danage.   The  S^stocy  Insurance 
Building  (Fig.  6}  outwardly  appearod  so  badly  daaaged  that  people  did  not  trust  thenealvas 
to  enter  it  for  several  days.    Later  inspscticn  showsd  that*  although  the  exterior  OMSonry 
walls  and  the  interior  partiticne  were  badly  danaged*  there  waa  little  atructural  daoMge  to 
tlie  building's  nottent-resistant  frane. 

In  contrast*  the  5-story  Bnaluf  Building  (Fig.  7)  i^icti  has  a  relatively  large  rein- 
forced concrete  core  in  addition  ot  tha  fraee*  went  through  the  earthquake  exceptionally 
well.    The  only  structural  distress  was  slight  horizontal  cracking  in  several  of  the  exterior 
first  story  ooIumas,  and  a  shear  wall  on  the  ground  floor  had  some  damage  adjacent  to  a  duct 
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xmitttratlon.    Othttnrlser  iwitliAr  structural  nor  sttrioua  nonstructural  distrsse  appe«Md  in 
tbe  boildtng* 

Perfomiance  of  Other  Modem  rraaa  ■ttildlmw  in  Managua 

thera  vara  also  a  nosber  of  otliar  well-dasignad  nonent-resistlng  frane  boUdlngs  In  tlia 
6-8  story  ranga.    niay  mra  all  stdBjaotad  to  Intense  etiaking  and  large  distortions  as  evl'-' 
denoad  lay  the  severe  daaaga  to  their  ncostruotural  oon^nents  and  finishes.    All  of  ttian 
eAihited  sufficient  ductili^,  since  there  was  alnost  no  structural  distzess.    IXiey  all 
perforaed  aooording  to  the  present  code  philosophy  •  little  or  no  structural  distress «  how^ 
ev«r#  quite  a  bit  of  nonstructural  danage. 

The  B>story  8upr«M  Justice  Building  had  niniaal  structural  distress «  but  the  inside 
lias  in  shambles. 

Hhe  8-atory  Social  Security  Building  (Fig.  8}  outwardly  showed  no  iiiytress  except  for 
the  collapsed  roof  over  the  elevator  machine  room,  and  lirtle  ^.tr uctural  distress  on  the 
inside.     However,  the  nonstructural  damage  was  considerable  and  the  staircases  were  full  of 
partition  debris  and  could  not  have  been  used  to  evacuate  pe<>pie  had  tn«  earthquake  oocrorred 

during  the  daytime. 

The  a-story  Telecoomunications  Building  had  post-ten.sionfid  bft.ins  on  tht:  column  linos 
spanning  across  the  entire  building.     There  was  on  off-center  core  at  tha  far  end  of  the 
building  was  in  evidence ;  however,  the  post-tensioned  beams  ot  Uia  tower  siioweU  (witii  one 
exception)  no  subst^tiai  attuictural  damage. 

Summarizing  the  behavior  of  this  group  of  frame  buildings,  it  is  evidcint  that  tJm 
buildings  had  enough  ductility,  whether  intentionally  teslgnsd  for  it  or  not*  to  sustain  tha 
large  distoctiAns  to  which  they  were  subjected  during  the  earthqnike*    The  hi^  degree  of 
eoonosiic  danage  tiiese  buildings  suffered  was  apparently  not  so  nnch  f rou  the  greund  ahaking 
as  froBi  an  inadeqiiate  design  philosophy  -  a  philosophy  in  which  we  design  the  stroctiue  for 
large  diatoctionSf  but  we  do  not  detail  the  rest  of  the  building  (which  in  many  eases  ooaip 
prises  <9  to  80  percent  of  the  value)  to  accosnodate  the  large  distortions  without  danage* 

Of  particular  interest  was  the  perf^nMUice  of  the  Nati<»)al  Theatre*  built  several  years 
ago  in  tbm  style  of  the  Lincoln  Cnnter  in  Mew  york.    The  Btrueture  contains  a  u-sheped  rein- 
forced oonorete  shear  wall  around  the  auditorimi  within  another  n-ahaped  shear  wall  of 
oolians  and  beaas  infilled  with  18-in.  thidc  solid  masonry  around  the  lobby  and  stage*  JEb- 
eeftt  for  a  few  marble  statues  lAich  were  thrown  off  their  pedestals,  there  was  no  evidence 
that  the  building  had  just  gone  through  en  earthquake.    Neither  structural  nor  nonstructural 
danage  could  be  found. 

San  Fernando  Ea^thqu^Oce,  1971 

The  Indian  Hill  Medical  Center  is  an  example  of  an  acceptable  oarthqjakc  performance  o£ 
a  shear  wall-fraroe  type  building.     The  building  was  restored  and  put  back  into  operation 
within  a  short  period  aft^r  the  earthquake.     The  strucr.-.jre         the  Tridiar-  Hill  Medical  Center 
consists  o£  beoun  column  tramoG  supfileaiented  by  sheai'  wall^i.     Th*^  linear  walls  exhibited  soma 
diagonal  cracking  and  other  local  distress;  they  were  re^^aired  by  inci:&asing  their  thickness* 

Ob  tha  oomiound  of  the  Veteran's  Mninistration  Hospital,  where  eona  buildings  of  1920 
vintage  collapsedf  8«v«ral  auxiliary  buildings  built  as  reinforced  concrete  boxes  went 


tfazouigrh  tha  earthquaka  without  structural  danagef  avan  tha  chlnnay  ot  tha  eantral  boiler 
plant  had  only  sona  sliding  at  a  cold  joint.    Unfortunatalyf  thasa  casas  of  axcellant  ba- 
havior  son^ioir  escaped  tha  attention  of  the  profession ,  which  was  busy  exaninlng  the  ool* 
lapses. 

gyacaa,  venesuela  EartlMiuake,  1967 

Fig.  9  shows  a  nultiatory  building  Mitk  a  very  flexible  skeleton  of  the  type  prevalent 

2 

in  Caracaa.     Aere  were  no  shear  walls  used  in  the  Caracas  buildings.    The  skeletons  were 
filled  with  brittle  and  weak  hollow  clay  tile  infill  walls.    During  the  earthquake  the 
buildings  were  sdbjeeted  to  large  distortions  and  the  weak  partitions  eiq^loded,  as  shown  in 
Fig.  10.    It  is  Obvious  that  sucdi  damage  should  have  been  elected  froa  buildings  with 
flexible  skeletons  undergoing  large  distortions  and  filled  with  brittle  partitions. 

The  17-story  Plasa  One  Building  was  the  only  oosplete  shear  wall  building  in  Caracas. 
It  was  located  within  an  area  of  extremely  high  damage.    AS  seen  in  Fig.  II,  one  Of  its 
neighbors,  a  10-story  building,  collapsed  while  the  other  surrounding  structures  suffered 
severe  damage.    The  Plaza  One  Building  went  through  the  earthquake  without  any  damage  what- 
soever.   The  building  has  shear  walls  in  both  directions. 

Skopje,  Yugoslavia  Ear thquake,  1963 

Many  of  the  resider.tLial  buildings  in  Skople  up  to  10  stories  hiqh  had  two  shear  walls, 
all  across  the  width,  f linking  the  central  stairway.     The  shear  waiia  were  usually  tia:i-iein- 
forced  of  poor  qualxty  concrete.     Nevertheless,  the  rigidity  of  the  shear  walls  did  not  per- 
mit interstory  distortions r  ami  consequently,  there  was  no  damage.    In  some  instances  slip 
of  the  cold  joints  betwem  suooeMive  story  lifts  was  observed. 

Pig.  12  shows  the  14>story  Party  Headquarters,  Which  was  tihe  only  building  in  Skopje 
witb  a  structure  similar  to  our  shear  wall-frame  systems.    Being  the  party  headquarters,  it 
was  designed  more  carefully  and  constructed  with  greater  attention  to  quality.    Ihree  non- 
reinforced  shear  walls  in  the  crater  were  of  good  quality  concrete.    Although  it  is  known 
that  the  building  underwent  severe  shaking  during  the  earthquake  (according  to  witnesses 
%iho  %fere  thrown  from  one  end  of  the  room  to  the  other) »  there  was  neither  structural  nor 
nonstructural  damage  in  the  building »  with  the  exception  of  the  elevators  which  did  not 
function  after  the  earthquake. 

Misbehavior  of  Shear  Walls 

ihe  preceding  description  of  performance  in  past  earthquakes  showed  many  examples  of 
good  bdiavior  of  buildings  containing  shear  walls.    On  the  ppposite  side  of  the  spectrum 
there  are  two  distinct  categories  of  misbehavior  of  shear  wall  buildings  during  earthquakes i 
(a)  interrupted  sheTr  •-.'.".lis,  and   (b)  brittle  linkage  between  coupled  shear  walls. 

The  Olive  View  Hospital  (San  Fernando)  shown  in  Fig.  13  is  an  example  of  interrupted 
shear  walls.    The  upper  four  stories  contained  shear  walls;  however,  they  were  undesirable 
iti  Lhe  cjiU'^iJ  iiciojt:  due  t-ij  L;iu  ax  chi  tec  Lux' til  layout,   ajid  were,   therefore,  omitted.  The 
building  distorted  during  the  earthquake  by  more  than  2  feet  within  the  ground  story.  In 
retrospect,  it  seema  that  in  ^s  building  the  ductility  available  in  the  upper  stories 
was  of  little  benefit  because  the  presence  of  shear  walls  did  not  allow  any  distortimwi 
irtiile  the  extremely  high  amount  of  ductility  available  in  the  columns  of  the  ground  story 
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did  not  do  maey  madk  good  in  km&piing  Om  building  iataot^  wccept  possibly  prwanting 

total  coU^so  of  ttais  ground  stocy. 

Discussion 

If  wo  look  back  and  roriew  irtiat  «s  bavo  loaxnod  fzon  the  pnvious  earthguaksBf  I  ba- 
llava  that  wa  vara  axtrsMaly  aagar  during  tha  laat  daoada  to  varify  tha  viability  of  tha 
flono^pt  of  tha  duotila  aonent^raaiatanit  fraaa.   Oonaaquentlyr  after  eadi  of  tha  paat  aarthr 
quakaa*  we  hava  introduced  aona  inprovaaant  to  tha  ductile  Bonent-resistant  fraoar  i.a.# 
after  Caraeaa  aa  iacraaaad  ardbatantially  tba  ovartuming  nosienti  after  other  aarthvia]caa# 
ottnK  details  ware  aodifiad*   Mpwavar,  z  baliava  that  «a  hava  not  thoroughly  ayawtnad  the 
haaie  oonoapt  of  our  aartiigunba  deaign  philooQEtay  as  related  to  reinforced  concrete.  VOSr 
I  baliava  if  we  were  to  nake  a  thorough  exaaination«  we  would  probably  find  that  tba  duC" 
tile  moment-resisting  frame  without  shear  walls  is  a  relatively  poor  structural  system  for 
residential  and  office  buildings  which  contain  a  lot  of  nonstructural  elements  that  are  not 
designed  and  detailed  to  aeooaandata  tha  large  earthquake  distortions  o£  tha  ntonent-reaiat- 
ant  frame. 

A  brief  look  at  the  history  shows  that  the  ductile  moment- resistant  frame  evolved  ia 

the  1950s  out  of  themoment-res istant  frame  which,  at  that  time,  was  the  only  system  for 

multi-story  buildings  for  both  steel  and  concrete.     By  adding  ductility  to  the  then  avail- 

able  system,  we  created  a  convenient  solution  to  the  problem  of  earthquake  resistance. 

However,  in  the  meantime,  better  and  more  efficient  structural  systems  for  multistory 

structures  (both  in  steel  and  concrete)  were  developed  for  widn  rasistanoa.    Actually,  tba 

last  naaiant>caaiatanit  fraaa  utilised  in  tha  aaat  for  a  very  tall  building  aaa  tba  60-atDry 

ataal  fraaad  Oiaaa  Hanbattan  Bulk  in  Maw  York,  built  in  the  early  19608.   At  that  tias, 

tUa  6<0-stosy  boilding  utilised  about  45  lb  of  atael  per  square  foot  of  floor  eras  <230 

kq/oi  ) .    lod^,  60-atory  bulldinga  are  built  with  about  20  lb  of  atael  per  aquara  foot 

(98  kg/«^)  I  while  buildinga  in  tiia  100-atocy  range  are  built  with  slightly  over  30  lb  of 

2 

Structural  steal  p«r  aquara  foot  of  floor  area  (146  kg/m  ) . 

Hia  aniliasia  on  duetili^  aa  the  kay  to  aurvival  of  nonent-resisting  cpsn  fraass  led 
to  the  adoption  of  ooncrate  atruoturea  reflecting  characteristics  more  cosnoa  to  ataal 
buildings*  rather  tiian  taking  advantage  of  tha  atrangth#  stiffness »  and  ductility  ialiarent 
in  tbm  natural  fonna  to  which  ooncrate  landa  itaalf «  sucOi  aa  ahaar  walla.    Raoant  aqteri'- 
ence  has  daaonatratad  that  the  twin  requiraaanta  of  safety  and  danaga  control  oan  be  better 
net  by  structures  possessing  adequate  stiffness,  such  as  shear  walla  can  most  ecanomically 
provide,  when  coupled  with  sufficient  ductility  or  energy-absorption  capacity.     This  is 
especially  desirable  for  apartment  and  office  buildings,  where  considerable  nonstructural 
damage  can  result  from  excessive  interstory  displacements  during  an  earthquake.  When 
sufficient  lateral  stiffness  is  built  Into  a  structure  by  the  introduction  of  ductile 
shear  walls,  so  that  large  lateral  displacements  are  prevented,  it  is  doubtful  if  the 
connected  frame  in  a  frame-shear  wall  building  will  ever  undergo  tha  distortioi^s  wfaich 
would  call  for  the  ductility  which  we  now  design  Into  them. 

Xt  aaaaa  tiiat  fur  uaaa  like  parking  garages,  stadions,  bridges,  and  tha  lika#  tha 
doetila  MOMCit-raaiatant  fraiM  without  shear  walla  is  an  eaoellent  earthquake  reaiatant 
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ayatea.    Hcwever*  for  apartnmt  and  office  buildinga  in  which  80  percent  of  the  value  is 
nonatnicturalf  we  ahould  have  nore  danage  control  than  the  ductile  noaient-reaiatant  fraoM 
can  provide. 

Shear  Walls  As  Elwnents 

SiMar  mils  can  be  classified  as  (a)  short  shear  walls  Ch/(i«  loss  than  About  1/2) »  and 
(b)  slender  shear  walls  (h/df  n»re  than  2} .    Short  shear  walls  are  mostly  governed  by  their 
shear  strength,  irtiile  slender  shear  walls  are  cantilever  beans  controlled  by  flexure.  If 
special  details  are  utilised  in  slender  walls,  th^  can  be  detailed  to  have  sufficient 
ductility. 

Another  possible  classification  of  shear  walls  is  according  to  the  geoaetry  of  the 
•eotioni    rectangular  sections,  and  I-sections  representing  both  I  and  box  sections  as 
used  in  cores.   An  important  difference  between  plain  rectangular  sections  and  flanged 
sections  is  the  degree  to  which  shear  (i.e. ,  diagonal  tension)  contributes  to  the  total 
distortion. 

The  current  atats-of-the-art  shear  wall  design  consists  of  individual  develcpiMnts  on 
•  nuBber  of  aspects-only  bits  and  pieces^ith  a  rational  approach  slowly  energing. 

Testing  of  shear  walls 

Tests  of  infilled  one>  and  two-story  concrete  franes  were  conducted  in  the  fifties. 
After  a  period  of  nearly  20  years,  testing  of  shear  walls  was  initiated  several  years  ago» 
and  sons  of  the  new  studies  have  already  been  r^orted  in  the  tecAinical  journals.  There 
have  been  a  nusfcer  of  experimental  investigations  of  short  shear  walla  to  determine  their 

3  4  5 

ahear  atrengtti  at  the  PCA  laboratoriee  with  )x>th  monotonic  and  cyclic  loading.  '  ' 

Besults  of  soaie  of  these  studies  have  f omed  the  background  for  the  sdiear  provisions  for 

shear  walls  In  the  1971  ACI  Oode.^  Also,  a  test  series  of  long  shear  walls  with  annotmie 

7 

loading  has  been  carried  out  at  pca.      investigate  >n:?  on  coupled  shear  walls  were  carried 
out  very  successfully  in  New  Zealand.      A  series  of  dynamic  tests  on  shear  wall  assemblies 
on  the  shaking  table  has  been  intitated  and  is  underway  at  the  University  of  Illinois.  In 
add i Lion,  several  universities  are  preparing  test  series  on  various  aspects  o£  slender  shear 
walls. 

Analytical  Investigation  of  Shear  Wall  Sections 

A  series  of  analytical  studies  to  investigate  the  strength,  stiffness,  and  ductility 

g 

of  shear  wall  sections  was  carried  out  recently  at  the  PCA.      The  mathematical  model  used 
for  the  development  of  the  interaction  diagrams  of  shear  wall  sections  is  based  on  the  non- 
linear beair,  theory.     The  mathematical  model  for  the  "computer  test  scries"  ha5  the  obvious 
shortcoming  of  simulating  only  monotonic  loading,  since  no  model  of  possible  effects  on 
concrete  due  to  cyclic  loading  has  yet  been  developed. 

Despite  this  shortcoming,  this  series  of  coii\puter  studies  gives  us  a  better  understand- 
ing of  the  iikfluauea  of  tlie  variablea  affecting  strength,  stiffxMsa,  and  ductility  of  ahear 
walls.    In  addition,  the  mathsnatical  nodel  has  the  capability  to  consider  oonfinenant  in 
any  part  of  the  section. 
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Thm  nonlinear  b«an  theory  naoiaw  tlw  stxalna  to  vary  llnMurly  acroBs  th*  aecAiattf 

n 

Nlhila  tba  attaaaaa  In  both  ttia  oonerata  and  tha  reinforcement  vary  non-linaarly  according  ^ 
to  their  actual  streaa-atrain  relationships,  aa  aho»m  in  Fig.  14.  I 

TMO  principal  aeetions  were  investigated:    a  rectangular  section  with  uniforinly  dla- 
trlbuted  reinforcement  and  reinforcement  bunched  at  the  ends;  and  an  T-section  with  concen- ' 
trations  of  reinforcement  in  the  flanges.    The  latter  section  r^resents  t>OX  or  X-sectiOOa 
as  used  in  elevator  cores.  J 

Since  we  are  interested  in  the  properties  at  maximum  capacity,  rather  than  at  the  code 
"ultimate"   (which  is  at  the  first  yielding)   it  is  important  to  model  the  properties  of  the 
■aterials,  particularly  after  yielding,  as  accurately  as  possible.     For  the  stnt-l  reinforce- 
laent  there  is  good  stxess-stradn  information  available;  for  the  stress-strain  characteristic! 
of  concrete  a  coinplex  equation  was  developed  based  on  ail  tests  reported  in  tha  lltAratur«.  ^ 
Tha  aemgiiMsltjf  of  tha  aKpraaaion  ia  not  objaotlonable,  ainoe  it  ia  intended  for  ociyutatr  1 
appliostionf  aioourata  praaaatation  of  botii  tiia  aaoending  and  daacending  branohea  of  tha  { 
atraaa-atraia  curve  was  tbm  woat  iivortaat  conaidaraticn. 

Hm  load  ■OBwnt  Intaraetion  diagram  ahOMn  in  rig.  15  ia  tha  anvaloipa  of  aniittw 
capacity*  at  vbatavar  atrain  thia  My  ooeiir«  catiiar  than  for  the  cnatonary  eooetata  atraia 
of  0.003.    It  ia  found  that  tha  atrain  of  tha  concrete  at  which  naxiaram  capacity  occnra 
ineraaaaa  aa  tha  aocantrieity  inoxaaaaa*  txem  about  0.002  for  the  ae^nraaaian  oootvollad 
teanch  of  ttM  interaction  diagram  to  tiiraa  to  four  tioiaa  aa  much  for  tiia  tanaion  oontrDllad 
bciaeb  (Mso  axial  load).    Itae  vaaaon  for  thia  inoreaaat  as  the  atael  atratctaaa  in  yielding* 
tha  oonerata  atrain  lacraaaaa  prograaaiag  along  tiie  daacending  bran^*  ttvb  atrain  hardantag 
of  tha  ataal  cauaaa  an  ineraaaa  of  fha  atrangtfa  of  the  aectlon.   coevvtatlen  of  daaiga 
atrangth  baaad  on  ccnereta  atrain  of  0.003  for  all  eccentricities  is  oonaervativa.  The 
dGformation  oapaoity  of  the  section  from  the  onset  of  yielding  of  reinforcoraent  until  ita 
final  rapture»  or  until  the  compression  failure  of  the  concrete,   is  the  section  ductility. 

Also,  the  available  section  ductility  was  investigated  as  related  to  the  axial  load 
level.     The  plot  in  fig.   16  of  sectional  ductility  against  axial  loads  shows  that  the  1— 
section  with  confined  flanges  has  a  substantial  ductility  even  at  balanced  load  level. 
Obviously,  all  these  analytical  findings  will  have  to  he  confiriMd  by  laboratory  t^ta. 

needed  Studies 

Further  work  is  needed  in  both  the  euialytical  and  experimental  areas  to  supplement  the 
present  knowledge  for  a  complete  procedure  for  ear'hquake  resistant  shear  wall  typo  build- 
ings.    Extensive  shear  tests  have  been  carried  out  for  monotonic  and  cyclic  loading  on 
short  shear  walls.     Experimental  testing  for  cyclic  reversed  loadinq  is  needed  to  further 
investigate  the  effect  of  the  many  variables  and  to  perfect  the  reinforcing  details  to 
assure  an  optimum  strength,  stiffness,  and  ductility  of  slender  shear  walls.  Important 
variables  to  be  considered  are  the  arrangenvent  of  reinforcement,  details  for  confinement, 
dataila  for  splices*  effects  of  strength  of  omcrete,  influence  of  floor  level  construction 
jeiatat  and  othara.   Alao«  tha  extant  of  tiia  yielding  region  naeda  to  ha  invaatigatad 
•variaantally.    The  atodiaa  ahoold  anoovaaa  rectangular  *  duaUaall,  I-aaotiona*  and  valla 
with  openings*   Ixparlnaatal  atiidiaa  WMld  provide  noment-rotation  and  ahear-deflaction 
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dhaxactaristics  naadad  to  davalop  a  nafhanatical  nodal  to  ba  used  for  iifsamLc  raspaosa 
studiaa  of  stroctuxaa  ooataining  shear  walls.    Also  dynamic  aaqperinantal  studies  on  the 
shaking  t^le  are  desirable  to  ascertain  the  reproducibility  of  the  general  response  char^ 

acteristics  using  mathematical  models. 

In  the  area  of  analytical  dynamic  response  studies,  work  is  needed  on  shear  wall  and 

shear  wall-frane  type  structures  to  determine  the  ductility  •remands  on  shear  walls.  Al80» 
the  required  stiffness  of  the  structvire  to  resi-ond  to  various  categories  of  earthquake 
ground  motions  should  be  investigated  to  determine  the  eventual  number  of  shear  walls  needed 
in  a  building  to  control  its  eeurthquake  response. 

cencluaion 

in  conclusion^  it  should  be  pointed  out  that  until  now  safety  against  colla^ise  has 
been  the  major  preoccupation  of  earthquake  engineering.  However,  we  now  should  enter  a 
second  stage  of  our  development  in  which,  in  addition  to  safety,  damage  control  should  be 

our  major  goal.     Judging  from  the  behavior  of  multistory  reinforced  concrete  buildings  in 
earthquakes,  it  seems  that  to  achieve  damage  control  the  ductile  shear  wall  may  be  the  most 
logical  solution.    Actually,  from  observations  in  earthquakes,  it  s^^ems  that  we  can  no 
longer  afford  to  build  our  multistory  buildings  without  shear  walls. 
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Fig.  I — Shear  wall-frame  interaction 


2 — Two  recent  Bank  Buildings  in  Managua,  repre- 
lenting  different  itructural  tyttems.  On  the  left,  Banco 
Central  and  on  the  right.  Banco  de  America. 
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Banco  Central 

Typical  Floor 


Fig.  3 — Banco  Central — Plan 
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Fig.  4 — ikanco  Central — Insid*  damag* 


Banco  dsAmericO' 

Typical  riaar  i 


Fig.  5 — Banco  dc  Americo — Plan 


fiq,  fr— Inuiranca  Building — Managua 


Rg.  7 — Enaluf  Building — Managua 


Rg.  8 — Social  Security  Building — Managua 


Fig.  9 — Typical  skeleton  of  a  multi- 
ttory  building  in  Caracas,  Veneiuela 
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Fig.  10 — Damage  to  brittle  hollow  clay  til«  infiH  in  C*- 
r«c«t,  1967 


fiq.  1 1 — The  PIaz*  One  Building — Caracal 


Rg.  12— Party  Headquarter*.  Skopie. 
Tugosiavia 
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Pig.  13 — Olivr  View  Hospital — San  Fernando 
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STRAIN  AND  STRESS  OtSTRIMiTION 
NONUMEAR  KAM  THIORV. 


Rg.  14— Nonlinear  beam  theory  auumptiont 
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F19.  IS — Load-momeot  inieraction  envelope 


Fiq.  16 — Duc+ility  versut  daidi  load 
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SCIIWEILLANCE  OF  CORPS  OF  ENGINEERS  STRDCTOBBS 
IN  EAKTHQUAKE-PRONE  AREAS 


by 

Kttith  O.  0*Donnall 

Office,  Chief  of  Engineers 
Washington,  D.C. 

ABSTBACT 

This  paper  ei^lains  tha  program  whicb  th«  Corps  of  Engineers  has  adopted  to  assess  the 
effects  of  eartliquake  activity  concerning  the  structural  bahavior  of  Civil  Norks  hydraulic 
structures.    The  program  encompasses  reporting  earthquake  effects  and  an  instrumentation 
system  on  dams  and  appurtenant  structures  for  monitoring.    Foat-earthquake  Inspections  will 
be  conducted  to  detect  significant  structural  dlstreas  and  provide  Information  for  the 
necessary  remedial  measures  for  damaged  structiires.    The  strong  motion  instrumentatiot  will 
provide  a  record  of  ground  and  structure  motion  during  earthquakes.    Data  provided  from 
this  program  should  be  an  aid  in. selecting  design  earthquakes  and  may  provide  preliminary 
guidance  in  design  procedures  for  use  in  predicting,  from  small  earthquakes,  the  behavior 
structures  subjected  to  larger  design  earthquakes.     The  accimulatod  infomation  from  the 
entire  program  should  help  in  improving  the  design  criteria  for  future  designs. 

Key  Words:    Earthquakes,  Uydraullc  Structures;  Inspection;  Instrumentation;  8trong~motlon 
Acealerographs. 
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Xn  1969  tlM  Ooxp*  of  BnglnMrs  Mtabllflhad  a  pcograv  for  aMwriag  th*  •truetural  iAtog^ 
rlty  and  offoratloml  artxraacy  of  Mjor  Civil  nocks  struetureB  following  tho  ooeucxanoo  of 
slgBifloant  oarttuspaak— .    fhis  pcogran  ia  prlaarily  oonoamad  with  danago  aarviiya  fbUowiag 
the  occucEaneas  of  earthqoalMs  gtaatar  than  Xiehtar  Nignituda  S.   Iho  avaluation  of  atzuo- 
tiitaa  foUewlag  «a  aarthqntJca  ia  of  parmeont  eenoicn  to  Inanra  stnctural  stability*  aafa^ 
and  oparational  adoquaciy  for  •tmotoraa  niwaa  failwa  or  partial  failtira  woold  andangar 
livaa  or  oauia  awbatantial  proparty  dMwga.   Strvetnras  inoludad  in  th«  pcograa  axa  daM« 
navigation  locka»  povadioiiaaa  and  appurtonant  atrueturos  ahidi  are  qpomtad  by  tha  Cocpa 
of  Bnglnaara.   OOimt  facilltiaa  aoch  aa  aajor  lavaes/  flood  walla  and  pniplng  stationa 
whioh  ara  designed  and  conataraetad  by  tlia  Ootpa  of  BngiiMacs  ara  Inoloded  alttaou^  thair 
■alntenance  and  operation  are  by  other  agenciaa* 

Guidelines  for  Post-Earthquake  Inspections 

Earthqucikes  may  cause  hidden  or  obvious  damage  to  all  types  of  structures.     It  is  in- 
tended that  prompt  post-earthquake  field  inspecting  and  reporting  will  aid  in  determining 
the  appropriate  remedial  measxires  for  structures  that  have  been  damaged.     All  important  Civil 
Works  structures  within  a  prescribed  area  that  has  been  subjected  to  an  earthquake  of 
sufficient  magnitude  to  produce  a  Modified  Mercalli  Intensity  of  5   (MM5)  or  greater  will  be 
inspected  for  dajnage.    This  prescribed  area  is  defined  as  the  axea  enclosed  by  the  Intensity 
5  Contour  or  "isoseismal."    Information  to  identify  the  preaorlbad  ar«a  usually  can  ba  ob-* 
taiaad  fron  tba  Ooaat  and  Gaodatio  Siunray  or  U.S.  Gaologlcal  survay.   Bowavar,  ainoa  tlia 
qiMlltativa  or  qnantitativa  ground  mtioo  data  ara  naually  not  isMdiataly  av«iUbla»  taw 
praaorlbad  araa  fOr  poat-aartiiguaika  inapaetion  vill  ba  dataminad  by  aagnituda  aoala.  Wot 
a  mdhtar  Magnituda  laaa  than  5.0>  no  inapaotioa  ia  raqairad  unlaaa  apacfio  raporta  of 
poaalbla  daanga  ara  raoalvad  fkoB  projaot  offioaa.    ror  a  mdhtar  Magnituda  5.0  tbren^  7.0* 
iaqpaotion  of  projaota  within  200  ailaa  of  tha  apioaatar  is  raqulrad  and  for  a  aagnituda 
asoaadiag  7.0  Inapaetion  ia  raq^itad  within  500  ailaa  of  the  q?ioantar. 

lhara  ara  aaay  tgpn  of  atraetural  daaaga  iadacad  by  ground  Mtion  frca  aarthqaakaa 
tjtat  naad  to  ba  raportad*   Any  eOianga  in  appaaranoa  or  fanetlonal  oapabUlty  of  a  najer 
civil  Horka  atraeturaa  ahoald  ba  avaluatad.   ■lanplaa  would  include  cradcad  or  ahiftad 
bridge  piar  footingn  or  e^r  concrata  atraetoraai  turbidity  or  changed  static  leirel  of 
water  wellS}  eracks  in  concrete  dains  or  earth  embankments;  adsaligninent  of  hydraulic  ooottrol 
structures  or  gates;  loss  of  freeboard  by  settlement)  development  of  a  localized  quick 
condition  within  an  anbankaant  aection  or  new  aaapaga  patha  throu^  an  anbanknent  or  founda- 
tion. 

Inspection  amd  Evaluation 

Generally^  the  structures  that  would  be  of  most  concern  following  an  earthquake  are  alao 
the  structures  which  are  covered  under  the  periodic  inspection  program  which  the  Corps  of 
Engineers  adopted  in  1965  for  major  Civil  Works  structures.    Where  feasible,  the  instru:i«ii>- 
tatlon  «md  prototype  testing  program  included  in  the  periodic  inspection  program  to  monitor 
atruotural  performance  will  serve  in  the  post-earthquake  safety  evaluation  program.  Addi- 
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tional  special  types  of  instrumentation  «ure  incorporated  in  selected  structures  in  which  it 
is  desirable  to  measure  forces,  pressures,  loads,  stresses,  strains,  displacements,  deflec- 
tions or  other  conditions  concerning  damage  and  strnrtnral  safety  in  case  of  an  earthquake. 

A  report  will  be  prepared  of  the  post-earthquake  inspection  of  each  selected  structure 
which  will  include  sunvmaries  of  instriunentation  and  other  observation  data,  for  permanent 
record  and  reference  purposes.    The  U.S.  Army  Waterways  Experiment  Station  at  Vicksburg, 
Mississippi  is  assigned  the  responsibility  for  analyzing  and  interpreting  the  earthquake 
data  obtained  from  the  strong  motion  instrumentation. 

Earthquake  Aftershock  Measurements 

A  field  tean  baa  been  formed  at  the  Waterways  Experiment  Station  which  is  enable  of 
being  tnbilized  innediately  upon  notification  of  the  occurrence  of  an  earthquake  that 
night  be  ei^ected  to  produce  significant  ground  notion  fron  aftershock  at  any  project 
operated  by  the  Corps  of  Engineers.    The  objective  of  the  field  tean  ia  to  provide  a  capa- 
bility for  rapid  response  to  earthquake  occurrences  in  recording  response  of  installation, 
such  as  danSf  to  earthquaXe  aftershocKs.    Instrunentatlon  will  be  utilised  to  sivplenent 
existing  instrunents  which  may  have  been  installed  as  a  part  of  the  Corps  of  Engineers 
strong-motion  instrumentation  program.    I9ie  neasurenenta  obtained  will  provide  approximate 
input  for  analysis  of  the  response  of  the  structures  under  loading  by  more  severe  earth- 
quakes.   Additionally,  they  will  provide  input  for  the  analysis  of  other  similar  structures* 
and  by  aanparison  of  observed  and  calculated  response  of  the  structurea*  allow  evaluation 
of  existing  analytical  procedures  and  aid  in  developing  iiproved  methods  for  seismic  design. 

The  instruments  presently  av<U.lable  for  this  purpose  include  four  Teledyne  model  RFT-2$0 
accelerographs,  which  have  response  ranges  from  0.25g  to  l.Og,  and  four  Kinemetric  SMA-1 
strong-motion  accelerographs  with  l.Og  maximum  range,  incorporating  VA\".'B  time  base  radio 
receivers.     These  instruments  record  accelerations  on  3-orthogonal  axes,  and  the  standard 
time  ba.se  will  permit  correlation  of  events  that  are  recorde-i  on  the  various  Instruments. 
This  equipment  is  maintained  on  standby  so  that  it  is  available  on  a  24  hour  basis.  The 
equipment  is  packaged  so  that  it  may  accompany  the  field  team  aboard  conroerciai  aircraft. 

Seismic  Instrumentation  Program 


The  Corps  of  Engineers  has  adopted  a  policy  providing  seismic  instrumentation  for  Civil 
Works  structures  in  regions  of  significant  seismic  activity  to  mf^asure  ground  motion  and 
response  of  the  structure.    Each  installation  is  planned  to  suit  the  particular  structuxe« 
geologic  and  seismic  conditions.     The  seismic  instrumentation  includes  strong-motion 
recording  accolcrographr. ,  peak  recording  accalorograph«> ,   soismoocopes ,   ciiicl  hydrodynamic 

pressure  gages.    The  types  of  strong-notion  accelerographs  used  by  the  Corps  of  Engineers 
are  shown  on  Figures  1  and  2.    Figure  3  shows  the  peak  recording  aeoelerograph  and  Figure 
4  the  sei8M9Boope.    The  seismic  sone  map  of  the  United  states  for  the  contlgtMus  states  Is 
shown  in  Figure  5. 

Seismic  Instrumentation  for  Concrete  Dams  and  Intake  towers 

The  normal  installation  for  concrete  dama  150  feet  or  over  in  height  in  all  seismic  riak 
Eonea  4  or  3  and  those  in  Zones  2  in  the  western  part  of  the  United  States  consists  of  a 


General 
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MiniaiuM  of  thr«e  stton^nnotiea  aoMlarogrvEiia.    Om  Bcc«l«ro9raph  i«  loeaead  on  tqp  of 
tlM  hl^«r  dm  noQolithSr  oom  In  th«  vpatraaB  fallaiy  iwac  th«  baaa  of  tlia  sana  nonolith 
and  ona  in  tlia  badxodc  foundation  at  a  dlatanca  doMnatream  of  the  toe  of  about  thnaa  tlaaa 
tho  dan  helgbt.   For  Uie  lazger  d«n»  (300  foat  and  oivar) ,  or  Vhara  foundntien  cottdltlona 
warrant,  a  fourth  aooalnrograph  ahoold  ba  looatad  Aout  mid-lMight  of  tha  principal  Inatrup 
aantad  nonolith.   For  daaa  ISO  faat  or  meacm  in  hai^t  in  aonea  2,  othar  than  in  tb»  vaatacn 
part  of  the  United  Stataa*  *t  leaat  «M  atcongHWtlon  aoeeletograiph  is  looatad  on  tha  bad- 
rock  atrueture  near  tha  dan  to  record  ground  mtlen.    Intake  gate  tewera  ISO  feat  or  awre 
in  height  located  in  Konea  4  or  3  and  in  Zone  2  in  the  weatem  part  of  the  United  atatae  a«a 
uaually  inatrunented  with  one  accelerograph  at  the  bane  and  one  at  the  top  of  the  tower. 

Instrumenta  which  axe  auitable  for  installation  at  c-oncreti^  Lim  <iri:;  strong-motion  tri- 
axial  instruments  such  as  Kin*metrics  SMA-1,  manufactured  by  Kinerr.f^ti  ics ,   Inc.,  San  Gabriel/ 
California  anS  Teledyne  RFT  250  or  FPT  350,  manufactured  by  Earth  Sciences  Division  of 
Telcdyne  Corp.  f  Pasadena,  Califoriiia.     The  accelerographs  should  j-jave  a  maximum  operating 
range  up  to  O.Sg  or  l.Og.     The  l.Og  instruments  would  be  appropriate  at  the  crest  of  high 
dans  and  the  O.Sg  instruments  at  other  locations  near  or  at  the  ground  surface.  Seisnioscopes 
to  measure  the  relative  response  of  different  fo>indation  or  ^eoluyic  fortr.ations  within  the 
immediate  project  vicinity  are  installed  to  supplement  the  conventional  strong-motion  accelejp- 
ogxaphs  located  et  the  foundation  or  dbutnents.    Hydrodynamc  pressure  yai^cs  are  inatelled 
on  tiie  ^patreaa  face  of  hl^  dan  and  intake  towen  (over  300  feet)  to  neaaure  tJie  incraa— d 
preaaure  of  the  reaervoir  water  during  eartiiqnake  oceurzencea* 

An  exaiple  of  aeianlc  nonitoring  inatnamitaticn  for  concrete  dans  is  that  of  Dwerihak 
Daai  whidh  ia  ahown  on  the.  dranring  of  Figure  6.    flkie  dan  ia  located  on  the  North  Fork  o£  the 
Clearwater  Klvar  in  Idaho  and  baa  a  naif  1  hi  atruotural  height  of  717  feet.    She  inatruaanta 
at  Dworahak  oonsiat  of  four  tlMa  recording  etrcng-aation  accelerogr«pha«  thirteen  txlaxial 
peak  eeeelesographa  and  six  dynaad.e  water  preaaure  cells.    Tbeae  inatrunanta  are  generally 
located  within  the  higheat  aonolith  of  the  dani  in  the  poweihouae  auperetructuxe  ceoorete 
walla  f  around  the  lake  in  the  vicinity  of  the  dan  and  at  two  bridgea  located  ^pproainntely 
18  and  40  nilea  iqwtrean  froai  the  dan.    Three  Klnaaatric,  Type  sm-l  accelezegraphn  are 
located  in  SKmolith  23  in  anall  instrument  races  «t  elevetion  980/  1260  and  1603.  the 
fourth  SKHrl  is  located  on  the  right  bank  1430  feet  downstrcain  of  the  dan  in  a  steel  and 
concrete  vault.    This  fourth  instrvmtent  is  to  measure  ground  shock-wave  intensity  for  a 
basis  of  comparison  of  intensities  measured  at  different  locations  within  the  structure. 
Six  dynamic  water  pressure  cells  are  located  on  the  upstream  face  of  thv.  dam  at  elevations 
1050,   1160,   1220,   12B0,   1350  and  1435  to  measure  and  record  water  pressure  changes  against 
the  structure  in  the  event  of  an  earthquake.     Four  of  the  triaxiai  peak  recording  accelero- 
graphs are  located  in  the  powerhouse,   three  in  the  thin  superstructure  walls  and  one  in  the 
substructure  to  monitor  and  compare  shock-wavy  acceiordtions .     Five  triaxial  peak  recording 
accelerographs  are  installed  around  the  lake  in  the  vicioicy  of  the  dam  to  maaxtoz  ^toamihlm 
varying  intensi^  of  ground  ahoek-wavea  at  different  locations.    The  other  four  trianlal 
accelerographs  are  located  at  the  tafo  bridges  i^>strean  frcn  the  den. 
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Seismic  Instrumentation  of  Earth  and  Rock-Fill  Dams 


Earth  and  rock-fill  dains  100  feet  high  and  greater  and  located  in  soismlc  risk  zones 
2,  3,  and  4  are  instrujnented  for  strong-motion  measurements.     All  areas  west  of  the  Rocky 
Mountains  are  considered  at  least  zone  2  for  instrumentation  purposes.    Dams  less  than  100 
feet  high  and/or  located  in  zones  other  than  stated  above  are  considered  for  instrumentation 
dependent  upon  embajikment  and  foundation  materials,  particularly  if  such  materials  are  con- 
sidered susceptible  to  liquefaction.    XooatioM  of  inatrunents  for  an  enibankment  dan  are 
•hoim  on  Figure  7.   All  aAankmrnt  daaa  in  Miamlo  zona  4  and  in  sonaa  3  waat  of  tha  tiool^ 
Nountalna  ara  inatmaantad  in  aecocdanca  with  Catagoxy  C  aa  dapictad  in  Pi^wa  7  axcapt  in 
aipaelal  oaaaa  «liani  worm  eooplata  MaanraBanta  axa  daaixad  and  in  thaaa  caaaa  Catafoiy  D 
ia  foltowttd.    Moat  otber  atructiiraa  are  inatraianted  in  aecordanea  with  Catagocy  B. 

lha  Btrongnotiop  aoealacographa*  such  aa  tba  Teladyna  iVT-250  or  350  and  Xinanetric 
sm-l  aza  alao  recameadied  fox  aabanlment  dam.   Bacausa  of  difficultiea  with  trananiaaion 
o<  aignalB  fcan  tranadueara  to  zmota  zaeordars,  ciantral  zacording  aystoia  ara  not  generally 
zacoMasndfld.    Saiaaoaoppaa  are  need  on  different  geologic  depoaita  in  the  inudiata  vicinity 
of  thm  dana  to  pcovida  an  aatlnata  of  tha  inf  Inwice  of  geologic  cooditionB  on  ground  notion 
intenai'^  and  to  aveplenent  ground  aotlcm  infoznatlon  Obtaiiied  from  tha  aooelerogrepha. 
However,    aeiamoaoopaa  are  not  inatallad  on  ertMalhnant  dana  beeauaa  of  tha  diffioutly  in 
interpreting  the  records  from  this  type  of  installation. 

Seiamic  Haaards  of  Reservoirs  and  Laindslidea 

Experiences  elsewhere  in  the  world  have  indicated  that  the  filling  of  large  reservoirs 
night  induce  earthquake  activity.    An  example  of  this  is  the  Koyna  Reservoir  in  India.  The 
Corps  of  Engineers  has  designed  and  built  a  niirnber  of  high  dams  with  large  reservoirs  and 
no  earthquake  activity  has  been  reported  as  a  result  of  reservoir  filling.     The  Corps'  high 
dams  are  as  follows:     34  dams  over  200  feet  high,  15  dams  over  30G  feet  high,  6  dams  over 
400  feet  high  and  2  dams  over  600  feet  high.     Of  these  dams  24  have  a  reservoir  volume 
larger  than  one  million  acre  feet.     Special  microseismic  instrumentation  to  measure 
reservoir  effects  has  been  installed  at  several  projects. 

The  importance  of  possible  landslidea  into  the  reaervoir  cannot  be  overlcdced.  While 
not  oanaed  fron  earthquake  aotivityf  the  Oorpa  of  Bngineera  had  an  experience  at  Lihby  Dm 
wben  during  conatmotion  a  aaall  elide  occurred  in  bedrock  at  the  left  abuteant  which 
dawaiged  Hie  oonocete  plent.    Aa  a  reattlt  a  oonipirdienaive  atudy  wae  made  to  deteznine 
peeaible  effeote  ahould  a  geologically  ainilar  landalide  into  the  reaervoir  develop.  A 
■odel  vaa  built  at  tha  Witetweya  Bjgperliwint  station  to  aeaaure  the  ef fecta  of  auch  a  land- 
slide.  To  inczeaae  stabili^  and  nininlsa  ooncaxn  at  Libby  Dam#  a  naaaive  zockfill  but- 
treaa  waa  oonatniated  along  the  upatzeae  ahutanant  elope.    Bxtenaive  inatrunantation  wae 
developed  to  detect  and  ■eaaore  ehangaa  in  avtoaurfaea  oonditiona  indicating  potential 
instibilitiea.    The  inatruaenta  included  tha  following^   extenaometera,  porepreasure 
■aaauring  devicee*  inelinoMeters*  and  nicxo  aeouatic  noiae  traneducen. 
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Strong-Motion  Instrumentation  Installations 

As  of  July  1974,  38  dam  projects  had  been  instrumented  with  117  strong-motion  accelero- 
graphs,   52  seismoscopes  and  18  peak  recording  *; -~-~lerographs .     Additional  instruroentatioa 
is  currently  planned  for  56  projects  which  includes  171  strong-motion  accelerographs ,  50 
seismoscopes  and  17  peaX  recording  accelerographs.    TkM  status  o£  the  instcumAatation  pro- 
gram is  shown  in  Table  1. 

Seismic  Engineering  Branch  of  the  U.S.  Geological  Survey  (U5GS)  is  responsible  for 
iHLintenance  of  the  strong-motion  instrunents  installed  on  Corps  of  Engineers  structures. 
The  rsoord  of  gvouDd  «nd  struotur*  aotlon  during  earthquakes  should  provid*  valuidbl*  iafior- 
Mtion  to  form  a  basis  for  salscting  dssign  eszthqoaikss  and  for  estsbllshing  ths  validity  eC 
^^rnanlc  dasign  procedures.   AleOf  the  reoord  of  nnall  earthquakes  will  be  helpful  in  ■sklug 
preliminary  estiiBatea  of  the  behavior  of  the  stmctures  during  larger  design  earthquekee. 

fhe  inetrunentatioa  progran  is  of  great  isportaaee  to  the  Oorpe  of  Bngineers  becaue* 
of  the  aany  large  reservoir  projects  for  whicAi  the  Corps  is  rei^onsible.    It  is  hoped  that 
should  significent  earthquakes  oocur*  ttie  results  of  seisodc  instrunsntation  will  give  a 
better  understanding  of  dynanic  response  of  structures  and  pexhaps  lead  to  Improved  designs 
for  seisfliic  behavior. 
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Figure  1       RFT-350  strong  notion  accelerograph . 
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Figure  3      PRA-103  peak  recording  accelerograph. 


Figure  4      Wileot  SR-100  •eisnoscope  with  cover. 


VI-55 


J  Google 


VI-56 


Vl-57 


Figure  6-1 
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SCHOOL  MID  BOiPXTiiii  oMnonnxim  n  cAUFomix 


John.  F.  MMlwn 
MMBiKih  Dixmetm,  Sapacvisiag  strtietuval  Ba9liM*r 

Structural  Safety  Section 
Office  of  Architecture  and  Construction 
Dajpai-yiunt  of  General  Servicw 
State  of  CaUfomia 


The  Califomla  State  Legieleture  ties  adapted  etatntee  ooncenilng  tiie  regulation  of  1 
deelgn  and  oonetxuctioa  of  pvfblic  eohool  building*  and  boapitals.   Theee  atatutee  vera 
facought  eiboiit  becaua*  of  the  rather  poor  perfowMiw  of  theee  trpn  of  building*  in  Cali- 
fornia eartliqaalGM.   Sventa  leading  iv  to  thaae  etatntee  and  the  Bethode  of  their 
nent  will  be  diaoueeed. 


Key  Horde:    Buildixig  Codes;  Building  Reguiatioas;  Design  Criteria;  Earthquakes;  Uoepicele; 
School*. 
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The  1933  Long  Beach*  Califoznia  earthquake  produced  great  damage  to  public  school 
buHdlngs  throughout  the  devastated  area.    It  occurred  at  5«54  p.m.  oo  Friday*  March  10 » 

1933  and,  as  usual  during  tiiLa  time  on  a  Friday  evenln9t  there  were  essentially  no  SttidantS 

or  teachers  in  the  buildings.    Had  the  earthquake  occurred  during  school  hours  the  number 
of  deaths  to  the  school  children  would  have  been  horrifying.     The  California  State  Legis- 
lature requires  school  attendance  of  the  youngr^tnrs  and  recognizing  that  earthquakes  may 
occur  at  a  time  of  full  occupancy  of  the  children,  took  measures  to  prepare  and  adopt  the 
Field  Act  within  a  month  after  the  earthquake.     The  rapidity  of  the  passage  of  thiii  leyis- 
iation  clearly  indicates  the  gravity  and  concern  of  the  legislature  and  the  public.  Each 
earthquake  Chat  has  occurred  in  California  since  1933  has  proven  the  wisdom  of  this  Act. 
Roportn  or  earth quaku  ianagc  in  Califoinia   .sualiy  point  out  the  good  performance  of  post- 
Field  Act  aviiooj.  building  construction,    (i,  2,   i,  4,  5,  6,  7,  &  8) 
Field  Act  and  Enforcement 

She  Field  tet  tfill  be  briefly  explained  and  the  nethod  of  its  enforoaaant  by  the 
Structural  Safety  Section  (SSS)  of  the  Office  of  Architecture  and  Construction  (QAC)  in  the 
De!partnent  of  General  Services  (OGS)  will  be  described.   The  Field  Act  is  given  in  Section 
3  of  Title  21,  California  Administrative  Code  (CAC) . 

VhA  Act  applies  to  all  new  public  school  buildings  and  to  all  additions  or  alterations 
of  sdhools  costing  more  than  $10tOOO.    The  plans  and  specifications  must  be  preapred  by 
registered  structural  engineers  and/or  architects  in  the  private  sector.    The  coi^lete  con- 
struction docunients  including  the  structural  design  calculations,  geologic  reports, 
application  and  fee  are  submitted  to  SSS.    The  prints  of  the  plans  and  specifications  are 
reviewed  (chedced)  and  connents  are  narked  on  then  by  registered  structural  engineers  in 
the  SSS  for  coofomance  with  seismic  design  regulati«is.    To  acconpliSh  thls#  the  structural 
plans  and  the  structural  or  anchorage  aspects  in  the  architectural,  medianical  and  electri- 
cal plans  are  rather  closely  checked.    The  plans  and  specifications  are  returned  to  the 
Structtiral  engineer  or  architect  for  correction.     The  tracings  and  marked  documents  are 
then  returned  to  SSS  and  compared  (back  checked)  by  the  SSS  representative  working  together 
with  the  responsible  structural  engineer  and/or  architect.     Upon  mutual  agreement  of  the 
revisions,  the  tracings  are  stamped  approved.     A  corrected  set  of  approved  stamped  docu- 
ments are  fiieU  with  SSS.     Competitive  bids  are  taken  and  the  contract  may  then  be  let  by 
the  school  district  to  tht   lowt - 1  responsible  bidder.     All  change  orders  and  addenda  must 
also  be  signed  by  tne  orchit-ecL  oi  bCruct.ui.ai  engineer  and  apptx vtd  by  5SS.  Continuous 
on«site  inspection  of  all  phases  of  the  construction  is  required  by  the  Field  Act  and  is 
provided  by  a  oonstruction  inspector  approved  by  ttie  structural  engineer  and/or  architect 
in  responsible  charge  of  construction,  the  school  board  and  the  SSS.    Haterials  of  con- 
struction to  be  tested  and  special  inspections  to  be  performed  are  established  at  the  time 
of  back  cdieck.    Heports  are  filed  by  private  sector  testing  laboratories  to  assxire 
material  conformance  with  the  requirements  of  the  approved  documents.    Ihe  structural 
engineer  and/or  architect  in  charge  of  oonstruction  are  required  to  supervise  or  Observe 
tiie  work  of  oonstruction.    Certificates  verifying  that  the  construction  fully  compliss 
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wltii  all  of  tlM  r«gplr«wnt*  of  th*  mprowd  lilcieawiif  «r«  f il«a  by  ^  Btnietttral  «BffliiMr» 
■zchitaetf  oomtrttction  iiMif«cton»  tttittg  laboraterias  «ad  eontvaetov.   Mkiag  a  falM 
■tatannt  Is  a  f^Mqr.   Plaid  pwaonaal  ttm  888  alao  vlalt  tha  projaeta  perlodioally  to 
raviaw  tha  oonatrnctlon  for  poaaibla  dasign  and  oonatructlon  erxoca*   A  fae  of  onaphalf  of 
one  paroant  of  tha  oonatructlon  coat  ia  paid  hy  tha  aohool  dlatriot  to  tha  SSS  to  fond  tlils 
oparation. 

It  has  been  frequently  expressed  by  stractural  engineers  In  the  private  sector  that  tba 
reasons  for  the  good  performance  of  public  school  buildings  In  earthqvakes  are  because  the 
designs  are  prepared  by  capable  personnel i  the  independent  review  of  the  plan  details  by 
structural  engineers  equally  capable  as  those  who  originally  designed  the  structure  to 
assure  code  compliance  and  design  concept;  the  inspection  provided  by  the  responsible  de- 
signers; the  continuous  detail  inspection  provided  by  the  approved  construction  inspectors; 
and  the  review  of  the  construction  by  the  sss  structural  engineers  for  conformancG  of  design 
principles.    In  general  it  is  required  to  pay  close  attention  to  proper  detailing  of  the 
stxuctuca  and  provide  coiqpleta  and  logical  aeana  of  resisting  lateral  loads  giving  full  oon- 
aidatatloa  to  daflaetlona  and  dlaplaoaMuta* 

Tha  Flald  Jlot  alao  aatabliahad  that  vagulationa  aay  ba  adopted  puratoant  to  the  legla- 
let  ion.   Thaaa  ragulationa,  adoptad  by  SBS«  ara  tboa»  of  tha  1973  Onifiom  Building  Ooda 
togathar  idth  oaitraln  noalnal  additlona  and  dalatlona  Cooad  nacaaaaxy  to  aoooopliah  tha  ra- 
gulraMttta  of  tlM  Plald  Act.    Itaaaa  aawnflmta  aza  prlatad  In  Vitla  21,  CJtC.    Tha  lataral 
forea  pvovlalona  aza  baaioally  tJioaa  raooHMndad  by  1±m  Salanology  Oondttaa  of  tha 
Structural  inglaaara  Aaaodatlon  of  California.  A  eepy  of  Tltla  21,  cue,  ean  ba  obtainad 
fro«  stata  of  califbmia,  oecuiMnta  Sactioa,  F.o.  Box  20191*  saerananto,  calif.  9S620. 

Tltla  21,  California  Adalniatrativa  coda  (CilC)  and  oniforn  Bttildina  coda  (BBC^ 
BKoaptiona 

The  regulations  adopted  to  adminlatar  tha  Viald  Act  are  given  in  Groups  1  and  2  of 
Title  21,  CAC.    The  detail  technical  regulations  are  given  in  Group  3,  Article  23  through  - 
Article  47.    All  of  the  itens  given  in  Title  21,  CAC  in  article  23  through  47  ara  awiaptiena 
or  additions  to  the  1973  UBC.    Juat  a  faw  of  thaaa  will  ba  aanticoad  hara. 

Loading 

The  miniraun  acceptable  base  shear  kc  factor  for  finy  one  and  two  story  building  is  0.10 
as  mentioned  in  Section  T21-2316(d)    (1)   and  all  franes  must  meet  the  ductile  requirements. 
This  base  shear  factor  seldom  is  applied,  as  most  designs  proposed  are  based  upon  a  base 
Shaar  of  0.133,  and  further,  the  fraaing  is  usually  of  sheau:  wall  design  concept. 

Any  ningla  naaa  atraetura  on  a  aiagla  celoMi  <w  of  a  typa  akara  a  aingia  coltam  wmt 
provida  tha  total  lataral  raaiataaca,  tha  latwal  fioroa  baaa  ahaar  KC  factor  moat  ba  0.30, 
and  tiia  colunn  anat  aaat  tha  ductile  raquirananta. 

Alao  if  buildlag  franaa  ara  daaignad  for  a  baaa  ahaar  MC  faotm;  of  0.30  or  aora,  tha 
frana  naad  not  ba  dqotila  but  tha  ooliana  mat  ba  dnctila.   Noat  fraaaa  ara  daaignad  tndar 
thia  baaia. 

in  tha  aaar  fntura  Tltla  21,  CMC  will  probably  ba  ravlaad  to  ragpira  a  KC  baaa  ahaar 
factor  of  1.5  Slaaa  tha  coda  ftoroa  Whan  tha  building  ia  loeatad  naar  aatabliahad  aetiva  Mfea. 
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Drift  Is  oontrolled  In  Section  T21-2307(e) .    ihla  Motion  raqulrM  the  naxlmum  drift 
of  1/16*  per  foot  of  height.    Aie  drift  1«  elso  United  to  1/32"  per  foot  of   height  of 
opening  where  glees  i«  Instelled  in  the  Nalle  i4ileh  my  deflect  in  the  plen  of  the  well  end 
the  glees  is  not  stpsreted  from  the  frane  such  that  any  in->plan  deflection  will  transfer 
load  into  the  gless.    In  tests  >  reported  by  this  author  at  the  Seoond  World  Oonferenoe  on 
Berthquake  Sngineering  in  Tokyo,  it  was  shown  that  glass  fails  at  ahout  1/16"  per  foot  of 
height  When  bedded  in  stiff  mastic  and  the  glass  frame  cannot  rotate.    Wall  defelctiou  li4>* 
itati<m8  applied  perpendicular  to  the  wall  is  also  giver,  in  Section  T21-2307(c)  . 

There  are  diaphragm  span/depth  ratios  given  in  Table  T21-23L.     These  ratios  are  primar- 
ily to  control  deflection  and  ntresc  in  the  horizontal  diaphragms  which,   in  effect,  also 
control  the  flexibility  of  the  horizontal  diaphragms.    Controls  are  also  provided  for  vert- 
ical diaphragms  in  this  table. 


All  masonry  construction  requires  inspection  by  a  specially  approved  masonry  inspector. 
His  duties  are  described  in  Sccticn  2401  of  Title  21,  CAC.     This  section  also  requires  cores 
of  the  completed  walls  to  be  taken  and  tested  in  shear  and  compression,    cores  not  only  pro- 
vide an  indication  of  the  strength  of  the  materials  but  also  provide  an  excellent  means  of 
detemining  the  viality  of  worknanship  within  the  «»11. 

The  allowable  stresses  in  masonry  are  given  in  Article  24*  but  under  nost  designs  the 
stressee  in  masonry  seldom  control  the  design.   All  masonry  must  be  reinforced.  Naximun 
spacing  of  reinforcing  ie  limited  to  24  indbee  each  way  in  walls  and  extra  ties  are  re- 
quired at  tiie  ends  of  all  ooIudkis  and  around  bolts.    Such  reinforcing  greatly  Increases 
ths  toughness  of  the  wall.    High  and  low  lift  grouting  is  allowed  but  it  ie  inperative  that 
it  be  reoonsolidated  at  the  proper  time  and  again  after  tiie  next  lift  of  grout  is  placed » 
also  it  is  strongly  recommended  that  an  eipensive  typm  admixture  is  used  in  the  grout. 
Both  of  tiiese  conditions,  the  reoonaolidation  and  the  expansive  adnisture*  gnratly  reduces 
Iflie  amount  of  internal  shrinking  cradcs  in  the  grout.   Onreinforoed  masonry  or  cavity  wall 
constnMtion  is  not  allowed. 

Netiiods  of  rdiabilitating  existing  masonry  construction  is  given  in  Section  92102422. 


Article  25  of  Title  21,  CAC  coverts  the  requirements  for  wood.     The  exceptions  are 
rather  nominal.     The  maximjn  adjustment  for  stress  for  duration  of  loading  is  limited  to  15% 
increase.     The  allowable  nail  stresses  are  higher  than  those  given  in  the  current  UBc;  be- 
cause of  t}ie  success  of  designs  provided  under  Title  21,  CAC.     As  an  example,  the  allowable 

shear    ioati   on  an  Bd  coinEUjii  :va.ii    in  Title   21,    CAC   is   100  poujidu  whereas   the  allowable  is  78 

pound  in  the  1973  UBC.    These  nail  stresses  have  been  used  successfully  since  the  Field 


Act  beoMS  effective  in  1933. 

Glue  lam  constructionf  Section  T21-2S11«  basically  oonforM  to  current  industry 
standards  except  the  maximum  moiature  content  at  time  of  gluing  relates  to  the  eiyected 
moisture  contmit  in  the  area  when  the  building  is  situated.    That  is«  the  maximium  allowable 
moisture  content  along  the  sea  coast  is  Idt  whereas  in  the  desert  areas  it  is  limited  to 
lot*    Continuous  inspection  by  a  specially  approved  Inspector  is  repaired  for  glue  lab 


Masonry 


Wood 
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bMM  construction. 

Unblocked  plywood  ^iaphraga  allowable  loads  are  a  bit  lower  than  tliat  pemitted  by  OBC 

as  given  in  Section  T2 1-25 1^1. 

Rather  conplete  details  are  usually  given  on  the  plans  Khowin<j  wood  framing,  openings 
in  floors  and  walls,  notching,  etc.    Also  careful  attention  haa  always  been  paid  to  property 
anchor  wuud  roofs  and  floors  to  masonry  or  concrete  walls. 


Much  of  ti\Q  material  in  Title  21,  CAC  m  the  concrete  yf^ci_ion,  refers  to  proportions, 
mixing  and  placement.    There  are  several  additional  design  iind  construction  re<{uireMnt8 
such  as  those  givWk  In  S«ctloil  !r21-2A)6  which  call  attention  to  th*  requiraoents  for  g1««I 
oonstmotion  jolntj  additional  ooltam  ties  azs  ragoirod  by  Section  T21-2607  on  the  ends  of 
all  oolumsf  the  oolvnn  ties  shall  texninate  in  a  135*  bend  %fith  6*  extension}  Section  Z21- 
2614  requires  height/thickness  ratio  of  bearing  walls  to  be  not  nore  than  30  and  not  mare 
than  36  for  non-bearing  walls #  precast  walls  require  fecial  trim  wall  reinforcing,  ancbair- 
age  and  other  requirssientai  Section  T21-2ei8  requires  grouting  of  all  post-tension  tendons 
andiored  with  friction  typ^  anchors  i  snd  Seotion  T21-2621  ecntains  oontxols  on  famaatloaHy 
placed  concrete. 

Steel  and  Iron 

Article  27  covers  steel  and  iron.    There  is  little  difference  between  the  basic  UBC 
reqoiresents  and  Vltle  21*  CUC*   There  are,  however,  controls  on  steel  deck  used  as  dia- 
phragns  and  load  test  req>iirenents  of  steel  Joists  if  analyses  cannot  be  readily  perfoxMd. 
Maiding  inspection  is  required  by  capable  inspectors  irtio  mst  use  all  oteans  neceasary  to 
assure  himself  o£  the  pepper  qMality  of  the  weld. 


Under  foundations; ,  the  aaditional  special  requirements  are  fox  inspection  o£  engineered 
fill*  piles  and  other  miscellaneous  items. 


All  veneer  over  3/8"  in  thicknyBs  must  be  anchored  by  inech.jniciii  means.     Details  of 
anclioraye  liiid  reinforcing  of  the  masonry  is  given  in  Article  30.     walls  to  which  veneer  is 
applied  must  have  stiffness  of  1^600.    The  connection  is  usually       meaxis  of  shet^t  metal 
dove-tail  anchors*   The  anchor  slot  is  cast  into  the  ooncrete  walls  or  nailed  with  lOd 
connon  nails  at  12"  oe.   A  nail  placed  vertically  faetiween  the  and  of  the  anchor  and  the 
ba^  of  the  alot  to  take  vp  any  slack  in  the  connection.   A  nuolber  9  wire  is  placed  horl- 
aontally  in  the  nortar  joint  in  each  horiaontal  Joint  containing  an  anchor.    The  aaxisian 
spacing  of  snchors  is  shout  16"  oe  horisontally  and  12*  vertically. 

Although  currently  not  required  by  code,  it  is  this  authors  preference  to  otit  any 
veneer,  or  glass  over  exit  doors. 


Article  32  provides  for  ancduuring  the  roofing  to  the  structure  including  tile.  The 
andM^age  of  each  tile  by  neans  of  non-oorrodible  wires  or  nails  is  required  to  prevent  the 
tile  frcn  sliding  off  the  roof  and  falling  to  the  ground  during  earthquake  notion. 


Concrete 


Foundations 


Veneer 


Hoofing 
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Ceilings 

Plaster  ceilings  nust  be  wire-tied  to  the  ceiling  frviilng  to  j^svent  ths  Miling  from 
falling.    It  was  learned  tlwt  celling  fastened  to  wood  frcuning  only  by  mans  of  nails  in 
withdrawal  will  allow  the  ceiling  to  fall  in  one  single  large  piece  somewhat  like  a  blanket. 
Complete  details  for  all  types  of  ceilings  and  light  fixture  anchorages  anist  be  shown  on  the 

drawing . 

Anci.orage 

Items  such  as  boilers,  water  tanks,  fixtures,  cabinets,  shelves,  window  sash,  ceilings, 
heaters,  etc.  must  be  properly  emchored  to  the  structure  and  are  shown  on  the  approved  de- 
tail drawings. 

Field  Act  Advisory  Board 

The  SSS  has  an  Advisory  Board  oonposed  of  four  stmctnral  engineers,  four  ardiitects, 
a  nedianical  engineer  and  an  electrical  engineer  froB  the  private  sector  who  serve  without 
pay.    Representatives  of  various  state  agencies  are  ex-officio  aeriaers.    Ihis  board  pro- 
vides advice  on  technical  and  administrative  natters  relating  to  tlie  regulations  and  en- 
foroensnt  of  the  Field  Act. 

Other  legislation 

When  the  Field  Act  was  first  adoE>ted  in  1933  it  related  only  to  new  oonstruction  and 
it  renains  so  today*    Existing  buildings  were  not  nentioned.    Legislation  was  later  adopted 
in  the  Garrison  Act  «diieh  provided  thati  if  a  building  was  exanined  and  found  unsafe  and  the 
building  was  allowed  to  oonUnue  in  operation  wltliout  correction  and  without  attespting  to 
obtain  funds  tor  the  correction  if  no  funds  were  available,  the  school  board  siOBliers  were 
individually  liable.   Many  old  school  buildings  were,  therefore,  never  examined  to  detemine 
whether  they  were  unsafe.    In  1967  legislation  was  adopted  to  require  a  structural  examina- 
tion of  all  school  buildings  constructed  prior  to  1933.    In  1968  the  statutes  were  changed 
and  provided  that  if  found  unsafe  and  not  corrected,  such  buildings  could  not  be  used  for 
school  purposes  after  June  30,  1975.     In  1975  legislation  was  added  to  provide  that  if  def- 
inite steps  vere  taken  by  June  30,  1970  to  correct  the  deficiency,  the  building  could  be 
used  until  June  30,  1977. 

When  the  Field  Act  was  first  adopted  there  was  no  control  estriblished    concerning  the 
location  of  the  school  site.    As  a  result,  many  school  buildings  were  located  very  close  to 
active  faults.     In  1967  legislation  was  enacted  to  require  a  geolugic  hazards  report  and  to 
prohibit  siting  new  schools  on  active  faults  or  on  other  geologic  hazards.    It  was  later 
amended  to  also  xeqpiira  a  geologic  hasarda  report  for  building  additions  on  existing  sites. 

curr«»t:ly  a  geologic  hasards  report  is  required  «dien  deemed  neoessary  by  SSS. 

Hospitals 

Hospital  buildings  have  frequently  been  damaged  from  the  laryer  earthquakes  in  Cali- 
fornia &n<i  therefore  were  evacuated  just  at  a  time  when  they  were  roost  critically  needed  to 
serve  the  victoms  from  other  damaged  nan-naide  structures* 

Following  the  1971  San  Fernando  earthquake,  where  50  deaths  or  85%  of  the  total  deaths 
of  patients  or  esployees  resultsd  from  hospital  building  collapse  or  inoperative  equipomnt, 
idiere  four  hospitals  were  evacuated,  and  where  17  hospitals  were  damaged,  legislation  was 
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passed  by  the  state  legislatura  in  1972  requiring    construction  approval  prooedurss  SimilAT 
to  those  in  the  Field  Act  to  apply  to  hospitals.    There  are  sone  differences. 

The  Department  of  Health  (DH)  administers  the  act,  but  is  required  to  cotitract  with  the 
DCS  to  perform  a  similar  service  on  hospitals  as  they  do  on  public-  sc>iool  buildinqs.  it 
requires  that  all  plans  and  specifications  shall  be  prepared  under  the  responsible  charge  of 
a  California  registered  architect  or  structural  enigneer  or  botli;    it  requires  that  a  struc- 
tural engineer  shall  sign  plans  and  specifications  related  thereto;   it  requires  a  yeolo^ic 
hazards  report  on  all  but  the  small  buildings;   it  requires  the  geologic  datri  to  be  revis^wed 
by  an  engineering  geologist  and  the  structural  design  to  bo  reviewed  by  a  structural  engineer; 
it  requires  a  fee  based  vpon  the  estimated  cost  and  a  further  fee  based  upon  the  final  cost; 
it  requixea  oontiiniDUfl  an-aite  inspection      ooopetent  personnel  end  eAalnietretloin  of  the 
Mock  of  flooetructloB  to  be  under  tiie  reepQPei]|»le  diaege  of  audi  etmetural  engineer  or 
erohiteoti  it  requiree  eigned  certifioetee  IndLoeting  oonfomence  with  the  eppeoved  docuf 
nents  fron  all  tboee  involved  in  the  eonetrtietiani  it  euthocises  tiie  in  to  adopt  regu- 
letions  witii  the  advioe  of  the  DGS  to  oarry  out  the  dealree  of  the  blllt  and  it  eatabliehee 
a  Building  Safety  Board  to  adviee  and  act  as  an  appeals  board  with  regard  to  aeianic  safety  f 
and  it  eatabliahed  that  any  peroon  who  violates  the  provisions  are  guilty  of  a  Bisdaaieanor. 
Ihia  hill  is  ^tfter  1130  of  tiie  1972  Statutes  end  is  given  in  Division  12.5  of  the  Health 
and  Safely  Code. 

The  SSS  enforcsMnt  of  this  act  is  qvits  siailar  to  the  procedures  followed  under  the 
Field  Act  and  will  not  be  repeated  here. 
Building  Beanlations 

the  leglalatloB  aandates  that  "•••hospitals. . .be  conpictely  functional  to  perfore  all 

neoessery  services. . .to  resist,  insofar  eis  practicable,  the  forces  gtmerated  by  earthquakes, 
gravity  and  winds..."  places  a  new  direction  in  bulldlr.g  codes.     Hccoqnizinq  this  and  the 
need  for  immediate  input  from  the  private  sector,  DH  contracted  with  a  structural  engineer, 
a  mechanical/electrical  engineer  and  an  architect  as  consultants  to  SSS  to  prepare  the  reg- 
ulations,    they  wer@  adopted  as  emergency  measures,  then  public  hearings  were  held  when 
input  was  provided  by  the  Seismology  Committee  of  the  Structural  Kngin^ers  Association  o£ 
California  and  other  interested  groups. 

The  building  regulations  for  California  hospitals  are  given  in  Title  17,  cac  and  con- 
tains the  qpeeial  ptDOVisiona  for  the  seiSBie  load  levels  and  perfcxnance.   Ihe  renlnder  of 
the  regulations  axe  essentially  thoee  regiiired  for  public  school  buildings.    As  nentioned 
previously^  these  latter  regulations  consist  of  tlis  1973  Onifom  Building  Code  as  the  basio 
code*  togetlier  with  nondnal  additions  and  deletions  found  necessary  to  accoaplish  the  de- 
sired results.    A  ccpy  of  Article  23,  General  Design  Raquirenents  can  he  Obtained  fron  the 
State  of  California.    Ihe  reaaining  regulations  ere  essentially  those  given  in  Title  21, 
CAC. 

A  few  of  the  highlights  for  earthq^Ake  forces  of  Article  23,  General  Design  Itoquixeasnts 
in  Title  17,  CAC  will  be  preeented.   Aere  ere  teo  basic  netJiods  of  design.    One  my  be  by 
^rnsttie  analysiSf  Hathod  a,  sad  the  other  by  static  analysis.  Method  B.    section  Tl 7-2314  of 
Title  17,  CAC  requires  that  buildings  over  160  feet  in  height  or  those  with  highly  irregular 
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shapes*  or  otiier  anusual  structural  features  must  have  a  Nathod  A  or  a  dynaaic  analysis. 
This  requires  that  the  structural  and  dafleetioQ  capacities  shall  be  sufficient  to  resist 
the  effects  of  earthquakes  Vffon  the  structure  as  determined  by  dynamic  analyses.  These 
analyses  shall  be  based  upon  the  ground  motion  prescribed  for  the  site  in  a  geotechnic  re- 
port.   The  report  sy-.all  consider  the  seismic  event  that  nay  be  postualted  %fith  a  reasonable 

COaf idt--nct;   lovtjl  witViin  a   100  year  period. 

The  analyses  may  be  based  on  appropriate  time-histories  or  responst}  spectra  with 
percentages  of  critical  damping  consistent  with  the  strain  levels  in  the  stnictural  materials. 
All  natural  rnodes  of  vibration  with  periods  qroater  than  0.05  secomiE  shall  b©  considered  in 
the  anaiy&es.     It  the  stresses  calculated  by  clastic  analyses  exceed  the  nominal  yields 
Stress  of  the  structural  naterials,  the  structural  elements  to  be  used  shall  be  justified 
by  approved  aethods  vhidi  reoonelle  the  equivalent  Inelastic  def  (ucMation*  with  tlie  ductility 
of  the  structural  eleoisnts. 

The  base  shear  resulting  from  the  dynamic  analyses  shall  be  not  less  than  80%  of  the 
base  shear  calculated  from  the  ftroyisions  of  Method  B.    If  the  base  dwar  as  detemined  by 
dynamic  analyses  must  be  Increased  to  meet  this  requirement,  the  design  spectra  shall  be 
normalised  to  a  proportionately  higher  value. 

under  Method  B,  the  static  analysis,  the  lateral  load  level  has  been  raised  above  that 
provided  for  other  ooeiipancies  given  in  the  unlfom  Building  Oode.  The  base  shear  equation 
is 

V  =  KCW 

where  K  shall  be  3.00  for  all  buildings,  tha  value  of  C  is  the  same  as  that  given  in  the 

1973  Uniform  Building  Code,  except  that  the  combined  value  of  KC  shall  be  0.25  for  all  and 

two  story  buildings  and  need  not  exceed  0.25  for  any  building.    The  method  for  calculating 

l±e  period,  T,  and  tite  load  distribution  is  the  same  as  that  of  Ihe  1973  uniform  Building 

Oode.    Since  all  of  California  is  located  in  zone  3  of  the  Uniform  Building  oode,  aone 

factors  are  not  wmtioned  in  these  regulations  and  tha  iinportance  factor  currently  being 

oonsidered  for  inclusion  in  tits  Uniform  Building  Code  is  included  in  the  KC  value.  All 

lateral  force  resisting  frames  must  be  duetllej  however,  in  one  and  two  story  buildings 

%dien  the  KC  value  used  in  the  design  is  0.50  or  more,  the  frames  need  not  be  ductile  but  the 

columns  must  be  ductile.    The  C  table  is  more  extMSive  than  that  given  in  the  uniform 

P 

Building  Code  and  the  load  level  is  higher  in  all  eases.    Am^rage  requirements  for  such 
items,  equipment,  elevators,  piping,  cabinets,  lights,  ceilings,  partitions,  etc.  are 
presented. 

Building  Safety  Board 

The  states    establish  the  formation  of  a  Building  Safety  Board  to  advise  the  OH  with 

regard  to  seismic  strautuial  safety  and  to  act  ac  a  board  of  appeals  in  the  enforcement  of 
the  Act.     This  board  is  composed  of  rr.ftnvbers  qual  :  f-eti  by  close  connection  with  Ijospital  de- 
sign and  construction  and  are  highly  knowledgeable  in  their  respective  fields  with  particu- 
lar reference  to  seismic  safety.     The  board  consists  of  eleven  members  of  which  there  are 
two  btructuxal  ungincets,   two  architects,  or.c  engineering  geologise,  one  soils  engineer  and 
one  hospital  administrator  appointed  by  the  Director  of  Public  Health  from  nominations  of 
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technical  and  profeMiflnal  associations.    Hmxs  srs  also  mtt  sx-offlclo  Bmbara  txam  stats 

offices. 

This  board  has  provided  a  great  deal  of  input  to  the  C»epartment  of  Health  concerning 
the  operation  of  this  Act.     It  reviews  the  regulations  to  bo  adopted,  has  studied  and  r&oomr 
mended  methods  Of  approving  work  in  existing  buildings  and  advises  the  Oepartiitent  as  ce~ 
quested. 

The  board  tiAa  established  standing  sub- committees  on  structural,  architectural,  taech- 
anical  and  eletrical,  geotechnic  and  hospital  operations.  Tbas@  coosiittees  sot  as  liaison 
bstween  the  boaxd  and  the  respective  technical  associations  and  provide  advla*  on  osoignsd 
•«ibj«et«*  ibm  or*  also  od  boo  cciiltnai  «o  1*  pvoeodvucai  plan  eboeking  foMr  boosd 
nilos  and  prnModuzaa*  and  loglslatiira  tntont.  A  board  mndbor  is  the  cboiziMui  of  aach  *^ 
oooadttoa  and  ad  boo  cxjondttoa. 
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G.  Itabmrt  Foll«r>  F.B. 

office  of  Undervrr itinq  Standards 
Housing  Production  and  Mortgage  Credit 
Federal  Honeing  Adnialatretioa 
D.S.  DepartMiat  of  Bousing  and  Dxbaa  Osveloipwat 

This  pa^ar  praaanta  rMuIta  of  tiia  casaarch  program  balng  carrtad  out  by  the  ApE'iied 
latibnology  counoil  (XTC)  of  the  Structural  Bnginaara  teaoolatiaa  of  California  (snoc)  under 
tlia  ^onaorahip  of  the  U.S.  Departaent  of  Bousing  and  Oiban  Develovoant.    Iha  objective  eC 
tiila  project  waa  to  review  and  evaluate  available  aanuals,  literature  and  etandarda  eon- 
oernlng  dealgn  and  eonatruetlon  of  realdential  dHelllnga  and  responae  of  sueb  atrttetores 
to  eartiiquaka  notlonei  and  to  then  develop  a  of  recomended  practice  for  eertbquake 

realatlve  design  and  oonatructlon.   Ihla  nanoal  would  be  prlaarily  directed  toward  faulldarar 
building  officials^  field  Inspectors,  and  house  designers  and  would  contain  raoosaeadad 
oonstmetlon  datails,  arehltactural  layouta,  daaiga  rai'io—andeHn«ia  and  tVPea  of  oenstrao" 
tion  recosManfled  or  to  be  avoided.   The  Banual  Is  now  in  draft  fan  and  copiea  are  avaiUiile 
for  review.   A  synopsis  of  research  reaulta  developed  to  date  will  be  preeented  in  tMa 
paper.    Code  oonpariaona,  problen  areaaf  tentative  re<  wwwMtiil  Irmn  will  be  discussed. 

The  research  contract  with  ATC  is  not  due  for  completion  until  June  30,  1975,  therefore 
this  paper  is  an  interim  report.    The  final  report  with  the  coa^leted  manual  will  be  dis- 
tributed to  aenbexs  of  the  U.S.  -  Japan  Panel  on  Nind  and  Seisndc  BffectSf  when  available. 


fforde;    Buildings;  Building  Godess  Constructiont  Dwellings}  Barthqwstreet  SeiSHle  Deeign 

Criteria. 
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Introduction 

The  U.S.  Departnent  of  Oooslng  and  uxban  Development  (HDD)  awarded  a  one  year  contract 
to  the  Jlpplied  Ttechiiology  Council  (ATC)  o£  tlie  Structural  Engineera  Association  of  Califor- 
nia* on  June  30,  1974.    Vhe  priaary  objective  of  thie  research  is  to  develop  a  "Manual  of 
SecomMnded  Construction  Fractioe  for  Earthquake  Beeietive  Residential  DMellings*  to  be 
used  br  builders,  building  officials,  field  inspectors  end  house  designers. 

The  manual  is  to  eivlain  the  structural  behavior  of  single-family  and  tmrnhouse 
residential  construction  8d>jeeted  to  forces  produced  by  earthquake  shocks.   WD  Minimum 
Property  Standards  and  other  building  code  requirements  will  be  illustrated.    Sound  prac- 
tical construction  methods  and  details  for  the  reduction  of  structural  damage  due  to  earth- 
quakes, will  be  covered.    The  manual  will  also  illustrate  recoinmended  construction  details, 
architectural  layouts,  types  of  construction  recommended,  or  to  be  avoided,  and  methods  of 
liistalling  mechanical  equipment  to  resist  seismic  forces. 

Scope  of  Manual 
Tasks 

Several  tasks  make  up  the  total  project: 

Task  It   .BeyijBM;  of  Literature »  Review  literature  and  reports  on  damage  to  residential 
structures  as  a  result  of  recent  earthquakes.    An  analysis  and  bibliogriQihy  of 
literature  reviewed  outlining  the  engineering  causes  for  identified  damage  to  buildings 
and  outlining  possible  solutions  and  corrective  actions  was  required. 
Task  2»    Beview  HOP  Minimum  Property  Standards  (MPS)  and  Building  Code  itequlrMMWitajt 
Review  the  HOD-NPS,  Manual  of  Acceptable  Practice  and  appropriate  building  codes  to 
determine  their  adequa^  for  preventing  earthquake  damage  to  single-family  residences. 
Reocnnend  improvements  in  terms  of  structural  performance  based  on  reviewed  reports 
of  past  earthquakes. 

Task  3;    Develop  Construction  Detajlst    Develop  typical  engineering  drawings, 
illustrations  and  details  which  are  required  to  resist  earthquake  forces  with  appro- 
priate descriptions  and  explanations  to  be  easily  unSerstood  by  non-technical 
representatives  of  the  housinq  industry.     Details  are  to  be  categorized,  as  appropri- 
ate, by  Seismic  Zones  1,  2,  and  3  as  delineated  in  the  Uniform  Building  Cede,  "Seismic 
Risk  Map  of  the  United  States."     Illustrations  shall  include  the  types  of  construction 
most  commonly  used  for  residential  dwellings  in  earthquake  piont;  areas  of  tlie  country, 
i.e«t    wood  frame  with  siding,  wood  frame  and  brick  veneer,  wood  frame  and  stucco, 
bricdc  or  oonerete  Uook  masonry,  steel  or  aluminum  frame  with  siding  or  masonry  veneer 
end  other  prevalmt  eonventional  ccabinations  of  framing,  materials,  and  building 
oooponents. 

Construction  details  will  includs  those  for  basement  and  slab  foundations,  dwelling 
structures,  utility  and  mscibanical  equipment  installation,  chimneys  and  fire  places, 
attedied  garages,  and  other  ardhitectural  and  structural  components  which  may  affect 
the  strength,  rigidity  or  stability  of  dwellings. 

Task  4t    Prepere  Manual  and  supplementary  Engineering  Analyeis  Heporti 
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T«8fc  4;    Prepare  Maniial  and  STTOlwawtaiy  Engineering  tealygia  Hwort:    To  inclute  the 
following  general  aubjeotet 
1*  introdtietion 

2.  GonMntaxy  on  pxlnolples  of  ■elsnlc  force  design. 

3.  Illustrative  typical  constrtMtion  detail*.    DeacriptioD  and  diacuaaioRB  of  detallBv 

as  developed  in  Task  3. 

4 .  Recomnendations : 

a.  Concerning  plan  checking 

b.  Concerning  construction  inspection  at  site 

5.  fiunary,  general  ooneluaioos  and  reoniwienflatlftns 

S,   SmpplSMMitary  engineering  analysis  report  including  discussion  of  theory  and  design 
caleolationa  to  juati^  typical  detaila  develqped  to  resist  aeiamic  forces. 

Taalc  5t    PresMataticn  Material!    Praaentationa  to  inolode  3Snm  alideat  teict  ■aterial 

and  voice  tape  Khich  will  be  uaed  to  explain  oontenta  of  the  aanual  to  user  groopa  • 

builders r  building  officials  and  designers. 

Task  6;    Presentations  to  Dser  Groups;    Four  presentations  to  home  builder  organizations 
with  invitations  to  designers  and  building  officials  to  acquaint  them  with  contents  of 
manual.     Presentations  will  be  conducted  in  LOS  AngeleSt  San  FranciscOf  Portland  and 

Seattle  at  different  times. 

^iajor  progess  has  be^n  achieved  on  all  of  the  tasks  prt^limdnary  to  tl^o  filial  presenta- 
tions.    Following  is  a  general  synopsis  of  accomplishments  to  date  including  philosophical 
discussions  by  the  subcontractor  to  ATC:     Kalph  W-  Goers  and  Associates  of  Los  Angeles, 
California. 

General  Pliiloaepiiy 

Boononio  eonaideratlona  auat  be  ravieMed  not  only  in  teres  of  life/safety  but  alao 
daiiaga  control.    Single-faeily  dnellinga  always  pexform  well  in  terns  of  life/aafety. 
Bowever,  aince  ntfD  ia  an  inauring  agency*  daeage  control  should  also  be  a  factor.    There  ia 
no  doubt  that  if  Bore  ahear  resistance  were  provided  in  reaidencear  danage  figurea  would  be 
oonsideridbly  lessened.    The  aeptoach  to  be  used  in  the  Manual  should  be  that  houses  *  like 
other  stxttcturea,  ahould  conform  to  design  requirenants  of  the  Oniform  Building  Code  (tac^ 
Arbitrary  requlxenenta  and  exoeptlona  Ixi  the  UBC  fbr  slngle-faeily  framed  structures  should 
not  be  paraittad  unless  justified  by  a  thorough  atruotural  analysis  covered  under  tiiis  re- 
search project.    It  is  the  intent  to  nininise  the  degree  of  daaage  rather  to  prevent  all 
danage. 

This  approach  will  either  limit  design  or  more  probeibly  add  some  additional  cost  to 
home  construction.    There  is  little  doubt  that  the  additional  cost  is  the  least  expensive 
earthquake  insurance  available.     However,   the  final  r!ecision  will  be  up  to  HUD  after  re- 
viewing all  of  tlie  appliccitile  data  concerning  eartViqaake  probabilty,  intensity  and  fre- 
quency and  if  justified  by  reference  literature,   field  observations  or  calculations. 

Finally,  governmental  agencies  liavc  normally  led  the  way  in  developing  both  social 
and  structural  changes  in  our  system.     It  seems  only  logical  that  requirements  should  exceed 
building  code  minimums  where  such  can  be  justified  by  reference  literature,  field  observa- 
tions or  calculations. 
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Seiandc  oo  efficienta  for  slngl^fanlly  oonstruetioik  arm  not  specifiad  in  some  juris- 
diotloM  and  also  vary  fron  ood«  to  eod«.    It  is  felt  that  the  OBC  value  of  O.lSBg  for  Zone 
3  is  suffiolent.    Vhis  would  oolncide  with  field  observations  of  damage  and  with  current 
WJIHIBS  tequirflBKnta.   Vhis  conclusion  is  felt  to  be  justified  by  the  following  t 

1*    One-stocy  hoMS  perfomwd  reasonably  well  in  San  Fernando  earthquake  and  thay 
probably  would  have  perfonwd  even  better  if  built  according  to  the  proposed 
manual. 

2.    Factors  of  safety  for  plywood  diaphragms  are  consistently  at  or  above  3.0.  Ihexa" 
fore,  houses  properly  designed  and  constructed  using  plywood  shear  panels  to  re- 
sist 0.133g  would  actually  be  capable  of  resisting  C.40g  ultimate  load. 

Virtually  all  homes  built  recently  have  wood  framed  second  floors  and  roofs.  Current 
engineering  analysis  generally  assumes  the  wood  diaphragm  to  be  flexible,   therefore  lateral 
loads  are  distributed  to  shear  walls  on  a  tributary  area  basis.     Field  observations  indicate 
that  this  assumption  is  not  necessarily  correct.     Preiiniinary  calculations  show  that  the 
second  floor  diaphragm  is  approximately  ten  tLnes  as  rigid  as  the  longest  transverse  shear 
wall.    Relative  rigidities  of  shear  resisting  elements  used  in  single-family  framed  con- 
struction are  difficult  to  detenalne.    General  conclusiona/  however,  can  be  reached  on 
how  shear  resisting  eleawnts  act  in  relation  to  saiall  wood  disphragms. 

Analysis  reveals  that  shears  are  graerated  in  the  first  story  walla  of  a  aamll  two- 
story  house  in  excess  of  allowable  values  for  any  of  the  ahear-resistlng  nateriala  required 
by  Seotion  25ie<f)5  of  the  UBC.   Pzqpoeed  requireaients  will  either  result  in  plywood  shear 
panels  or  audi  longer  panels  of  anterial  of  lesser  abear  resistance  for  two-story  and  split- 
level  hOMS. 

A  vlit-level  house  plan  was  analysed  by  use  of  tributary  area  aiethod.    This  ^ieal 
type  of  house  received  severe  daaiage  in  one  case  and  collapsed  in  two  other  eases  during  the 
San  Pemando  eartiiquake.   Analysis  reveeled  that  the  wall  between  ttie  garage  and  faaiily 
rooai  would  receive  around  three-quarters  of  tbm  total  lateral  load.    If  the  diaphragm  ware  ■ 

analyzed  as  a  cantilever  beam  in  houses  of  this  type*  the  interior  wall  would  receive  close 

to  100%  of  the  lateral  load.    It  was  found  that  one  of  the  greatest  defioienoies  Of  wood 
frame  construction  is  its  lack  of  resistance  to  torsional  racking.    In  the  one  case  examined 

the  floor  diaphragm  rotated  in  plan,  lifting  the  rear  wall  from  its  foundation  and  leaving 
only  the  center  wall  to  resist  further  earthquake  motions.     It  is  obvious  from  these  pre- 
vious examinations  that  analysis  techniques  must  be  evaluated  and  perhaps  be  revised. 

Collection  of  Data 

Several  interviews  have  been  completed  or  arranged  with  architects*  engineers,  HUD  of- 
ficials, building  department  officials  emd  building  contractors  in  several  areas  of  the  U.S. 

A  questionnaire  has  also  been  developed  for  mailing  to  all  HUD  Field  Offices  to  determine 
types  of  single-family  construction  nost  prevalent  in  the  U.S.  (see  Attachment  No.  1). 
Conetruction  methods  will  also  be  determined. 

Preliminary  information  indicates  that  m  earthquake  prone  areas  of  the  U.S.,  over  90% 
of  all  houses  presently  being  constructed  are  wood  frame  with  either  stucco,  wood  sidxng  or 
mssoaxy  veneer  as  an  exterior  finish  and  either  plaster  or  gypsum  drywall  on  the  interior. 
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tata  la  Iwljig  oolliaeted  on  shaar  will  dl^phragn  furagpartiM  for  tlM  ONiltitoda  UMdi 
plywood*  stuccor  lath  and  plaatari  gypaw  wall  board  (dzywalD^  flbazboard  and  otbmtm. 

Organization  of  Manual 

The  following  is  a  general  outline  of  the  proposed  mantial: 

Introduct  ion 
Acknowledgements 

Chapter  Z  •  PUKposa  and  (toe  of  Manual 

1.  Jbndlanaa 

2.  Boonoadca  vm.  Safaty 

3.  Daflnltlona 

4.  Gaogxaphleal  8aop«  (Seiaale  aoma  Mat>) 
S*   Otearvfttlooa  of  Bartii^ttaka  Oimga 

6.    (laa  of  Manual 

Chapter  II  -  Prinelplaa  of  Selaaic  Daalgn  »  * 

1.    martial  No^pannt 
3.   Italia  as  Vartioal  Beams 

3.  Floor  and  toof  Ptiphraqwa 

4.  Shaaz  MaU  Piaphrag— 

5.  Shaar  Itoaiatanoa  of  Materiala  (Grapbs  s  TaMaa) 

a.  Boofa 

b .  Floors 

c.  Walls 

6.  Chords  and  Struts 
a.     Splices  and  Connections 

7.  Iioad  to  Shear  Wall  Calculationa 

8.  Effects  of  Deformation 

a.  Glasing 

b.  Otbar  brittla  aatarlala 

9.  Firaplaca  and  Chinay  Daalgn  and  Anehocaiga 

11.  Otbar  NonrStractttral  It6M 

12.  Baaasmt  OonatruBtlon 

13.  Laarmit  Conflgnratlona 

14.  Gloaaacy  of  Taiaa 
Oaaptar  HI  -  Oonstruetlon  Dataila 

1.  Sbaax  Wall  Daalgn  and  Dataila 

a.  nold-DoMn  Jlncbors 

b.  8ill-Bolt  Slna  and  facing 

2.  Shear  Transfer  Detaila 

3.  Struts  and  Chords 

4.  Connection  of  Studs  to  Sill  Plates 
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5.  Bstarlor  Oohmt  Frwdng  and  Anchors 

6.  Flmplaoas 

7.  Itechnical  Bqpdjpent 

8.  Other  Moa-Stnictural  It«H 

9.  MMonty  construction 
10*    BtmmX  Frana  Housas 

Wind  design  will  be  covered  to  the  extent  that  conpeurisons  can  be  made  between  wind 
and  earthquake  forces  for  the  entire  structure  not  for  Individual  eloients.    Seismic  Zonea 
1  cmd  2  in  the  U.S.  will  be  covered    together  since  wind  forces  generally  govern.  Seismic 
Zone  3  will  be  covered  in  a  separate  section.     Even  though  wind  could  govern  in  sons  areas / 
the  dynamic  effort  of  earthquakes  precludes  a  coiqparison  with  wind  forces. 

Wsvlew  of  Building  Codes  and  HDD  mnisiw  Property  Standards 
Uniform  Building  Coda  jj^73^ition) 

1.  Sec.  2308  Wind  Presstire;    Buildings  shall  be  designed  for  wind  pressures  indicated 
in  tables  and  maps.    Uplift  wind  pressures  for  enclosed  buildings  are  3/4  of  the 
uniform  wind  pressures  specified  and  for  unenclosed  buildings  are  1  1/4  times  those 
specified.    Overturning  scoieots  calculated  shall  not  exceed  2/3  of  dead  load  re- 
sisting moment. 

Based  on  experience  in  Phoenix  and  Los  Angeles,  failures  due  to  wind  are 
generally  caused  by  uplift  on  the  roof  or  to  walls  by  inadequate  anchorage  of  walls 
to  roof  or  other  supporting  aii^parayms .     The  conclusion  drawn  from  observing  wind 
damaged  homes  is  that  either  the  factor  for  uplift  on  unenclosed  structures  or  the 
wind  zone  map  is  incorrect.    Horizontal  wind  pressures  as  applied  to  the  whole 
strueturs  ePPMur  to  be  too  high. 

Oeepite  the  fact  that  t^lift  forces  seen  to  be  critical,  overturning  require- 
■ents  fox  shear  walls  are  questioaable  since  shear  forces  eppear  to  result  in 
answers  which  are  too  hi^. 

2.  Sec«  2313  Anchoraaei   Masonry  and  oonerete  walls  shall  be  anchored  to  all  floors 
and  roofs  to  resist  a  wlnlHHsn  force  of  200  plf  of  wall  or  the  calculated  horison^ 
tal  foroe«  whichevw  is  greateri  continuous  crossties  shall  be  provided  in  roof 
and  floor  syateos  between  dlaphragn  chords. 

The  force  reqnirenent  of  200  plf  appears   to  be  too  low.    In  nany  areas  of  the 
oonntry  this  aofihorage  requivenent  and  tite  diitphragn  crossties  axe  virtually 
ignored.   This  has  proved  disastrous  not  only  for  oarthquake  loads  but  also  for 
wind  forces  as  well,    ttie  will  provide  for  minimum  sill  bolta  and  horizon- 

tal connections  to  roof  franing,  roof  sheathing  of  blocking  between  roof  franing 
members . 

3.  Sec.    2  314  Earthquake  Peg'jlations :     This  section  defines  various  systems  utilized 
to  resist  earthquakes,   formulas  to  determine  equivalent  static  forces  for  design, 

distribution  of  horizontal  loads*  overturning,  setback  requirements,  etc. 

As  applied  to  residential  construction,  this  section  specified  that  virtually 
all  residences  are  "box  systems"  without  vertical  load  carrying  space  frames. 
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Lateral  fwroM  arm  raslst^d  by  4hMr  walls  or  braoad  feaaaa  and  tlia  tarom  to  Jm 
raaiatad  in  0.133  tiaaa  fravl^  loada. 

See.  2514  Wood  OlapluragMit   OonneetiMM  and  andwragaa  capable  of  x«aiatia9  dti^a 
fcuEoaa  Aall  be  poravldad  batwaan  diaptura^OM  and  realsting  eloaMnta.    In  bnildlagB 
of  wood  firanie  construction  where  rotation  is  provided  for,  depth  of  diaphragm  nor^ 
nal  to  open  aide  shall  not  exceed  25  feet  nor  2/3  diaphragm  width,  whichever  is 
smaller.    Straight  atieathing  shall  not  ba  penaLtted  to  raaiat  aheara  in  dlapiuragBa 

acting  in  rotation. 

One-story,  wood-framed  structures  with  depth  normal  to  open  side  not  greabar 
than  25  feet  may  have  depth  equal  to  width.     Where  calculations  show  that 
diaphragm  deflections  can  be  tolerated,  depth  normal  to  open  end  may  be  increased 
to  a  depth  to  width  ratio  not  greater  than  1  1/2:1  for  dlagonaJ.  shaathiag  ox  2iX 
for  special  diagonaily  sheathed    or  plywood  diaphragms. 

In  masonry  or  concrete  buildings,  lumber  and  plywood  diaphragms  shall  not  ba 
oonaldeired  to  tcananlt  lataral  fteoaa  fay  rotation. 

A*  pvoviaioAS  for  sotation     prMsotly  writtan  ara  conaldarad  to  ba  om  of 
Most  oontrovaralal  Itana  la  tlia  mc  in  light  of  tlw  1971  San  Vamando  VUlay 
aartbquake.   Many  raaldantial  atxuotvraa  whicb  bad  to  dapand  on  tha  pringiyla  of 
rotation  in  ordar  to  raaiatn  ataading*  farad  r«asonablj^  wall,   oanarally  Vbenafii, 
this  type  of  atmeture  has  aora  than  avacage  daMsge  and  in  sens  cases  oellvsed. 
inproparly  bvaoad  cripple  stud  wallSf  iffpciqperly  tied  levels  of  q»lit~l«vel  hoaee 
and  the  principle  of  rotation  are  the  three  principle  causes  of  residsatlal  daege 
doe  to  earthqoakea.   The  aanual  will  reooawend  that  rotational  priaeiplea  of  de- 
sign be  oaad  ftor  ona-atoxy  detached  garagea. 

Sec.  2517  Structural  Roof  Sheathina*   Plywood  roof  abaatbing  ia  used  in  aoat 

hoaa  construction  in  the  U.S.,  but  varloas  other  systems  are  used  in  the  lios  Angi^ 
les  area.     Most  of  these  other  systems  would  not  qualify  as  diaphragms.  Despite 

this,  there  was  little  damage  to  roofs  from  the  San  Fernando  earthquake.  This 
was  probably  due  to  the  fact  that  interior  walls  stopped  at  the  ceilings  and  the 
roofs  only  carried  their  own  weight.    The  manual  will,  therefore,  not  specify  as 
does  the  UBC  that  structural  roof  sheathiAg  shall  be  dssifoad  to  si^port  all  loads 

specified  in  the  Code. 

Sec.  2518(f) 5  Bracing;    All  exterior  walls  and  main  cross-stud  partitions  shall 
be  effectively  and  thoroughly  braced  at  each  end  and  at  least  every  25  feet  of 
length  by  one  of  eevaral  Methods  whldb  laelude  let-in  l''x4"  diageaal  faKaaaSf 
diagonal  wood  boards,  plywood  Sbaathiag*  fiherboavd  sheathing  and  gypstai  board 
sheathing  psnels. 

Braced  panels  shall  be  46'*  In  width.  Solid  abaatbing  ahall  ba  applied  oontlatt- 
ottsly  on  the  first  story  satarleir  walla  of  all  wood  f raaed  bulldiags  three  atociaa 
in  height.  Solid  sheathing  shall  be  applied  cn  either  face  of  the  first  story  ex- 
terior walls  of  all  wood  fraaed  bnildlnga  two  atoriea  in  heigbt  In  seisMie  Beae  3. 
Zbese  braoad  wall  aeotiona  shall  be  looatsd  at  each  aad  and  at  least  25%  of  llnttr 
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length  of  wall  shall  be  braced.    All  vertical  joints  shall  occur  over  studs  and 
horizontal  joints  shall  occur  ovar  blocking  unless  panels  are  4'x8'  a{>plied  varti- 

cally- 

Poor  perfonaance  of  let-in  braces  was  observed  after  the  San  Fernando  earth- 
quake.    Particle-board  is  allowed  by  the  Code  although  no  shear  values  are  speci- 
fied.    Some  of  the  raatenals  specified  for  shoathir.q  have  no  minimum  attachnont 
specified.     The  sheathing  specified  is  to  be  used  in  Seismic  Zone  3  even  though 
higher  shear  forces  may  occur  for  two-story  residential  structures  in  areas 
havmy  wind  loads  of  2C  psf  or  hiyher.     Calculations  show  tiiat  if  no  interior 
shear  walls  are  provided,  all  of  the  sheathing  materials  specified  for  exterior 
walls  will  be  overstressed  if  a  two-story  building  experiences  a  20  psf  wind  load. 
If  an  interior  Aear  wall  does  exist  at  the  center  line  of  tlie  atruettirex  fiber- 
board,  gypsun  board  and  particle  board  would  still  be  overstressed. 

Calculations  also  show  that  the  Cede  requirentents  for  overturning  are  oonserva- 
tiva.    Even  if  no  interior  shear  wall  exists  and  if  ttoe  exterior  vails  are  of 
niniiial  length,  ovartuming  will  not  be  a  problem. 
7*    Sec»  2516 (f> 6  Cripple  Whilst    Foundation  cripple  walls  are  framed  walls  less  than 
full  story  height  that  extend  from  foundation  wall  to  the  floor  or  roof  level. 
Stttih  walls  shall  be  braced  as  required  for  first-story  exterior  walls.  Solid 
blocking  my  ba  used  to  braoa  cripple  walls  having  a  stud  height  of  14*  or  less. 

Soma  tfplit- level  homas  in  the  San  Fernando  earthquaJce  were  oonstrueted  with 
cripple  walls.   Host  of  these  houses  suffered  severe  damage  caused  by  coUigwe  of 
the  crlpple*Btud  walls.    Let*in  braces  are  not  adequate  and  will  not  be  allowed  in 
the  manual. 

8.  Sec.  2518(g) 6  Blocking;  Rafters  more  than  8"  in  depth  shall  be  supported  later- 
ally at  ends  and  at  each  support  by  solid  blocking  unless  nailed  to  header,  band 
or  rim  icist  or  to  an  adjoining  stud. 

Prefabricated  roof  truss-rafters  are  used  predomitwitely  in  today's  housing  con- 
struction.    When  roof  rafters  are  used,  they  generally  are  less  than  8'  deep.  In 
any  case,  blocking  is  ni?ldorr.  specified  and  sht-ar  transfer  is  not  acrtvieved.  The 
manual  will  probably  require  solid  blocking  for  truss-rafters  and  all  otiicr  rafters. 

9.  Oiapter  37  -  Masonry  or  concrete  Chimneys,  Fireplaces  and  Barbecues;    Many  differ- 
ences exist  between  the  Code,  HQD-IVS,  and  other  building  codes  and  atandard*. 
Ihe  manual  will  specify  requirements  as  verified  by  calculations  or  observations. 

10.    General  Requirements 

a.    Hoof  Piaphragmsi    Roof  diaphragms,  as  tj^poaeA  to  celling  diaiphragms,  play  a 
small  part  in  transferring  lateral  loads  in  residential  construction.    Since  tite 
roof  diaiihragm  is  generally  more  linger  than  the  ceiling,  loads  in  the  direction 
of  framing  are  taken  by  the  ceiling  to  interior  crosswalla.    Specific  requirements 
for  roof  diaphragms,  in  the  opinion  of  the  contractor,  accomplish  little  and  only 
add  to  cost. 
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b*    Moot  Piranliig  Blocflting:   Th»  Ood«  stipulates  that  blocking  for  2x4  thzouglh  2x0 
roof  fraMing  MObers  may  be  omitted.    Normal  procedure  In  Califemlai  hom'^er,  is 
to  provide  such  blocking.    Blocking  for  roof  trusses  is  generally  not  providad  in 
the  Phoenix,  Arizona  area.    Because  of  relatively  low  L>>ear  forces,  blocking  my 
not  be  needed  continuously.     Sone  shear  transfer  is  required  and  this  is  difficult 
to  provide  without  sone  blocking.     It  is  suggested  that  a  ninimal  length    (as  lit,t:jUt 
as  six  feet)  of  blocking  should  be  provided  near  ends  of  each  individual  £Oo£. 
blocking  requircanents  will  be  specified  for  prefabricated  roof  trusses, 
c.     Conventional  Construction  Provisions t     These  Code  provisions  imply  that  all 
residential  construction  can  be  considered  as  "convontional. "    However,  many  types 
of  construction  are  very  unconventional  and  may  requixs  furthar  design  cousidera- 
tionst 

1)  Cathedral  ceilings  witii  high  shear  walla*  Shear  trails  nay  still  be  four  foot 
wide  and  overturning  forces  OMqr  be  oonsidsrable. 

2)  Large  rooms  and  long  unbraced  walls  Mor  be  critical.    Fewer  interior  walls  to 
resist  earthqpiakes  wqr  be  provided* 

3)  TWo-story  hones  nay  have  insnffielent  shear  walls. 

4)  Broken  roof  diapbragas  nay  ooour  in  spHt-level  honea  and  in  otbarunuaual 
configurations . 

5)  Partial  second  floors  very  often  do  not  have  adeqnate  shear  walls  near 
interior  axtrenitias. 

Bconongr  of  construction  mist  play  a  very  important  role  irtien  oonsidering  nodif  1- 
cations  to  rsg^irsaents  for  hens  construction.    Sons  design  re^airenents  in  the 
Code  dumU  therefore  be  revised  in  the  manual.    Other  norinal  engineering  proce- 
dures not  specifically  mentioned  in  the  Code  will  be  ignored.     Bracing  requirements 
provided  in  the  nanual  will  obtain  the  nost  in  structural  integrity  for  the  least 
cost . 

11.     shear  Resisting  »iaterials  and  .shear  walls:     in  order  to  obtain  the  most  efficiency 
from  shear  resisting  materials  and  to  obtain  the  most  liberal  interpretation  for 
the  design  of  shear  walls,  the  following  provisions  will  be  cont<iin&d  in  the  adu- 
ual. 

a.    The  deaignar  will  be  inatruoted  to  use  full  dead  load  for  resistance  to  over- 
turning nonents.   Many  engineers  use  a  leaser,  nore  conservative  value.   Ake  code 
specifies  full  dead  load  but  the  Los  Angelas  City  Building  Code  allows  75%  of  dsad 
load.   Hold-down  antihors  have  not  been  ragpired  for  hone  construction  sxospt  in 
those  isolated  caaea  where  engineering  design  is  provided.   These  anchors  fre- 
quently cause  problens  In  tiie  field  beoause  of  nisplacenent*  incorrect  install*' 
tion  and  the  problem  of  covering  bolt  heads  or  nutSf  etc.   For  those  reesons, 
it  is  felt  desirable  to  elininate  tb»  need  for  anchors  «4iere  at  all  possible.  The 
■anual  will  have  provisions  to  allow  designers  greater  latitude  in  selecting  Sheer 
wall  lengths  f  spacing  and  location  to  preclude  hold-down  anbhors. 
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b.    ShMT  values  fbr  dlf teeing  materials  a|iplled  to  eadi  side  of  the  sans  wall  are 
pcoposedl* 

e.  fte  height  to  width  ratio  for  flbeAorad,  stucco,  gypsuB  lath  and  plaster  and 
gypsum  board  will  be  increased  from  1  1/2 «1  to  2il  as  inplied  in  Section  2518(f) 5 

of  the  Code. 

12.  Sill  Bolts:  The  Code  stipulates  that  sill  bolts  shall  bft  1/2-inch  diameter  Ara- 
bedded  at  least  7"  into  concrete  and  spaced  not  nore  than  six  feet  apart,  with  a 
minimum  of  two  bolts  per  piece  and  one  bolt  within  12"  of  each  end.     The  manual 

will  require  that  sill  bolts  be  placed  in  accordance  with  shear  in  the  wall  which 
will  increase  the  number  in  some  cases. 
Los  Angeles  City  Building  code  (1972  Edition) 

1.  Sec.  91 . 23Q5-Horizontal  Forces  (a)  General:    Requirements  of  this  section  do  net 
apply  to  any  conventional  framed  one-story,  'lYP*-2  V  building  accessory  to  dwelling, 
provided  building  is  not  an  unusual  shape  or  size  and  not  subjected  to  unusual 
loading  conditions.    This  would  exenpt  most  garages,    the  nanoal  will  clarify  this 
regulrenent. 

2.  Sec.  91.2305(h)  Overturning;    75%  of  dead  load  My  be  ussd  to  reduce  tensile 
stresses  caused  by  seismic  overturning  moments.    The  manual  will  specif  full  dead 
load  as  stated  in  Hie  review  of  the  OBC. 

3.  Sec.  91.2306-Desian  for  Hmcisontal  noroe  (b)  itochoragei 

«.   walls  aneihoxed  to  continuous  footings  do  not  nsed  to  be  anchored  to  floors 
that  are  within  four  feet  of  the  footings. 

b.   Nhuk  roofs t  including  their  saiiporting  joists*  beens  or  purlins r  are  oon- 
Btroeted  of  metal  and  are  not  designed  «s  diajphragms  to  resist  horisontal  forces 
andtovs  may  be  spaced  at  greater  then  four  feet  on  center,   these  provisions  will 
be  contained  in  the  Manual. 

4.  Division  24  -  Masonry,  Table  24-H,  Note  No.  5;     Shear  walls  which  resist  seismic 
forces  shall  be  designed  to  resist  1.5  times  forces  as  determined  by  Sec.  91.2305 
(d)2.    The  allowable  shears  in  Table  24-H  are  lower  than  the  UBC  values.  The 
manual  will  use  shear  values  from  the  UBC  but  will  require  the  1.5  factor  for  over- 
turning . 

5 .  Division  25  -  Wood^  Table  55-H, -Allowable  Shear  ^or  Diaphragms  and  Shear  Walls : 
This  table  sets  forth  allowable  shear  values  tor  1"  and  2"  straight  sheathing, 
1"  and  2"  diagonal  sheathing,   fiberboard  wall,  sheathing,  expanded  metal  lath 
with  cement  piaster,  gypsum  lath  and  plaster,  and  gypsum  waiiixjard.  Several 

clarifying  notes  are  appended.   Table  25-C  contains  relative  strength  values  of 
bolt8#  nails*  serera  and  connectors  in  different  qpeeies  of  wood.   Ihe  shear  values 
in  Table  25-H  are  at  variance  with  the  UBC.    Bowewer,  the  format  ie  Mcocaient  and 
will  be  inooxporated  in  the  manual.    Ho  similar  table  to  25-C  is  ccntianed  in  the 
UBC  -  it  therefore  will  be  printed  in  the  manual. 
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6.    Sec.  91. 2512 (b)  Dsaign  GoraidaratioMt   Wood  diaphrag—  and  wood  ahear  walls  tfudl 
ba  consldaxad  f  laxibla  and  aball  not  ba  uaad  to  trananlt  rotational  foroes  unlasa 
otlMtwiaa  aippcovad.   Mood  dlaphragna  In  bouaea  ara  not  neoaaaarlly  flexlbla*  thai*- 

fore,  the  manual  will  present  some  design  criteria. 
ttUD  Minimum  Property  Standatrds  (MPS)  (1973  Edition) 

A  preliminary  review  of  the  MPS  has  been  completed  and  -everal  sections  may  be  affected 
by  the  manual.     in  addition  some  qeneral  comments  were  offered  by  the  contractor  which  will 
not  affect  the  manual  directly,  but  may  affect  implementation  of  its  requirements.  Specific 
commentary  will  not  be  known  until  the  manual  is  fully  '^pveloped.     It  is  intended  to  then 
reference  the  manual  in  the  MPS  manual  of  Acceptable  Practice  with  applicable  coiMaentaxy. 

Cone  l\t8  ion 

It  has  been  the  intent  of  the  author  to  present  a  status  report  on  the  research  project 
undertaken  by  the  Applied  Technology  Council  for  HUD.        ior  pertinent  areas  of  concern  and 
conflicts  between  various  building  codes  under  which  most  U.S.  housing  is  constructed,  are 
discussed  with  an  attempt  made  to  present  their  treatment  in  the  proposed  "Manual  of  fieooar 
mended  construction  Practice  for  Eartlwjuake  Resistive  dential  Dwellings.** 

The  paper  was  prepared  from  a  review  of  draft  documents  submitted  by  the  subcontractors 
Ralph  W.  Goers  and  Associates,  Sherman  Oaks,  California  to  Mr.  Roland  L.  Sharpe,  Executive 
Director  of  the  Applied  Technology  Council,  Palo  Alto,  California.    This  review  and  analysis 
of  xaooBMnaBtlona  are  aolaly  the  Intarpratatlon  of  the  antbor  and  do  not  neoesgarlly  ra- 
flect  tbe  official  poaition  of  the  U.S.  D«!partaMnt  of  Eouaiag  and  VjAan  Development,  the 
AiVliad  Vaohnology  Conaoilt  or  the  aidicontractor. 
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"MAMUAL  Of  KKCwrH:r:nrj>  comtkuctiosc  i-kactici:  von 

EftmriiqUAKE  Mi»lSTlVU  KESlUSXriAL  OUKLLUKai'* 
1.   Vhat  kviMins  cpdc  («r  c«des)  arc  atetf  ta  your  weaf 


Xt  the  code  udliicd  is  Locnl,  i&  ll  bAtcd  on: 

A.  MCA   

B.  S«uCh«ru  UulUliK-:  Code   

C.  UnlfatB  Kuild   

B.   OUiev  Upccify;  


).  A.   CaoM  load  »r  roof  livo  load  la  _____  ptf  • 

Wind  toad  (not  aono)  fi»r  lowaat  buildlag  la  paf. 
G.    iMidanCial  (laer  llvo  load  la  paf. 

4.  Xs  roaldcncc  roof  and  floor  fraoing  "dcatsnod"  (bjr  apaii  tabtaa  or 

•ctu«l  cnclnccrinj)?    Yci  No   

5.  Wh^t  seismic  zone  are  you  In  (If  known)?    0   I   ?   3 


t.     Are  inall  ctj;ri-,crcial  buildings  In  your  arcfl  required  to  be  engineered 

by  a  lictnicd  engineer?     Yes    No   

Jf  yes,  arr  wind  or  scisuitc  dcsicns  required?     Ves  _____  Mo 

7.    Arc  residences  and  tracts  ploa  checked?    Ym  No 
Bjr  KhOBt           Licensed  engineer  ____ 
Ucensed  archicrcc  _. 
Wtollsfliiacd  pcraoMol  

Hhat  iM  ytm  catlnaM  of  the  percentage  of  erae^  tyft  houaing  iaalgiiad 
by "  Anbttaeta   ,X 

BolMlnc  BtaiSMrs   X 

Arafciat  aarvleet   X 

COOtraCtaV  ewployee   % 


9.    Vhac  perccntap.c  of  hoows  in  your  area  .are  "splic-level"?  (Split-level 
two  or  more  £leor  alowaclaoa  approtttaaealy  oaa-kaU  acofy  apart  la 

hoiehc)   I 

ROOF  AtJD  FLCOR  ra.-ou:>c 

I.  Ara  any  ayatcria  othar  Mian  wood  fraaa  uaad  far  floar  and  raoC  ttmdit^t 
CSpaelfy)  Material 

Mt     Jl  «•< 

Woor:  ^   X  otad 

1.   Ar«  roof  truss  dcsisns  nanMlly  enfiinaarod  by  tha  fateleatart 
Van   >o  

S.   Miat  la  Cha  velchc  ranr.c  of  raeflMB  MCcrtals  used? 

Material  HfilihB 

Moaviaat  ._.„__^____^__  M* 
ItAtM  not 
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A.    Is  bWkinis  livtMNrn  wuuti  fniMlnK  wwimrm  rv<|uiri.Hr  " 

Xoef       TcB    No  

rlnor      Yci    No  

i.    Listed  in  ituscLiullnf,  oi~(!cr  oi  uio  (aobC 'CMnoa  fiiM)  vluit  ittic;)tiunt; 
■uCorials  arc  used? 

haaC  Floor  ' 


C.   tlhflt  ifweic*  «n<l  srada  of  Iwlwr  Mr*  wp»t  ccmmly  uted  fdr  sooC  and 
<looc  £r««inr.7 

R<'of  floor 


1,     Arc  you  f.imili.ir  with  tht-   Lc-rr-.a   roof  JiiiJ  floor  dlapl-.rjc.ns  ?  Yes   Nu 

At  utidC  site  building  (fo  you  alnMsc  always  require  lha)'  bo  dciiX&ncd? 


Vktt  piBMatased  of  roof  fcontos  otiUses  ^ireCabrleated  cniooeo? 

t 

WALL  FRA^nCC 

1.  Please  list  the  types  ol  vail  framing  and  exterior  finiincs  used  in 
your  aroj  with  your  estir.iaco    of  the  pcictntJ^o  of  trjct  type  homes 
built  usinf,  thjc  uystt^.     (Cxjnptes:    Brick  tUtoary,  fiiock  Ma»anry 
v-ich  or  uithour  ititcrlsr  furrin.:^,  wood  OCudS  WlCIl  Oil  Wtlo 
wood  scttd*   and  iibacUiard,  ccc.) 

A.     

•.  ,   

C.   — — — 

»•  __ 
«.    

r.  .    

c.    

2.  UbaC  types  of  Ittccrior  CiatshM  oro  caoaoAljr  us«d  in  your  area? 


B. 
C. 
». 
B. 


S*    4teo  WMOWry  cxcerlor  walls  In  resldcnCUl  COnStmiCCioA 

A.  Fully  reinforced  ^  

B.  I'.irtljlly  r o i ti f ogeed 

C<  Unroiniorccd  
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4<   Art-  «I1  iKMtiNiry  MitlU-d  tuwrnvm  <uxC«rl«r  4mi  Intrrtor)  bultt  with  any 
/ri<qi*ency  J*  your  ar*a?   Yen   Ho 

5.  Dtt  ymi  require  clo-.«.ls  lo  the  CooCiMB  to  Mteh  vfirclcal  rctnforclim 
*•  A.    Residence  Yc«  Mo 

•«    OMMMi-elal  DiitMlH6»   Ym  Ho  

6.  Spcetca  aiMl  Rnde  for  wood  tciitft  «re 


7.  Ac*  McttMicIs  of  otcachaimt  of  Mood  stud  wall  finish  s»ecrlal  spoeUlctf 
In  yoitr  coUc?    Yes    Mo   

If  y cs ,  do  these  rcquircaents  pertain  to  residences?     Yet  Bo 

By  your  best  •sclttacc,  ar<^thsss  rcqulremencs  met  in  ths  lisU  (Cor 
M«iil««eos)t   Yes   He 

•.    What  tyt'C,  size  and  ■'I'aclng  of.  •til  pl<t«  »tft|si0m  (CA  CstudatlM 
or  slob)  do  you  rc<iulre7 


9.   Althowch  chl*  quest len  is  difficult  to  SStlMee,  we  ask  your  tiidul« 
gmco.    For  the  sverase  cne-scory  houss  Mid  Che  averata  two-scory 
tiouse,  if  a  horizontal  line  were  drawn  acresc  the  front  and  rear 
elevations  (first  floor  for  two-story)  such  that. as  auch  of  the  line 
as  (wsslble.cressod  windewa,  doors  and  ochar  epaqints,  vhac  psccaac- 
ag*  •£  tha  iisw  MBvld  b*  acMSS  mb  afmaim^l 

<hia..ter» 

Sear  Elevation    

ftonc  SlawNioa  . 

1.  Ara  slaba  on  grade  used  In  your  araat  Yas  Me 

If  so,  what  is  required  thickness?   

Are  they  required  to  be  roinforcad?  _ 
tfpm  »£  ralnfacelait  _  . 

t.   What  percentage  of  homes  In  your  acaa  liava  basoHSiiceY  X 
Asa  basoaonc  walls  -  Ceacrata  — 
Msaaidty  (typa) 

Other  (specify)   

Is  reinforcing  steal  required?  Yea  Ho 
Vhat  ntafexclmT  _  ^ 

S.  Mtat  le  ptal— ■  alsa  faaelas  rofalradt 

Bapth  below  (rade: 
MLdckt 


4.  Vh»K  U  fnat  lino  tf«|ith?  

5,  Arc  I'Kld-tuC  footinj;.-:  norMlly 

A.  ►Mil  width  pour   

B.  rbetlnn  aimI  foocinc  wall 

C.  Ctkn  (Specify)  _ 


6.    It  relnCorclos  oorrully  required  In  Ceodti^*!    V«s  _  _  Mo 

H  99,  What  «Md  i4i«ra  


7.   Arc  house*  frcquuncly  builc  In  ymiv  acOT  wlcK  th«  liWMC  BCftfy  so* 

ttalf  »Cory  below  eradc?    Yes    Mo 

ilM  •m  «r  nova  •Mas  Cvaqueacly  .«e  ^ratfa  *4i«0  tlita  cacutniotloa 
fa  uaa^t   


WU  you  taatate,  please,  any  "hand-ou:"  •hecta  a*  ethar  toforcuclon 
yaitaliitwt  to  raaUencial  caaacruetloo,  <lr«pidca  aaij^truactoa,  t^vnUtiam 
«iavilv«Mnta,  ate.   which  your  dapartaant  ottllaoat 


•nCUL  COKDXtUKS  IN  YOUR  AIEA  —  W  OEMER  COMBIIS  — 
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imMMIC  TESTS  OP  STBOCTURBS  FOR  Oil.  TANKS  MID  NOCLBAR  POMBR  PLMIX8 


by 

Seiichl  Inaba 
NBtiomal  Rssearch  C«itex  for  Diaastax  Praventlon 
Science  and  TeehnoLogy  Agency 

ABSTRACT 

In  Japan,  it  is  necesaaxy  to  biiil4  an  increasing  mnriber  of  nuclear  power  plants  in 
order  to  overcoaie  the  energy  problen.    Also,  an  increasing  nunber  of  large  oil  taidcs  have 
been  built  in  order  to  increase  the  anount  of  standard  crude  oil.    It  has,  therefore,  becoaie 
iivortant  in  engineering  to  design  aaeisnlc  structures  for  nuclear  power  plants*  oil-  plants # 
gas  tanks «  and  other  industrial  plants  for  the  purpose  of  preventing  disasters  due  to  the 
eartiiquake.   ttoder  these  circumstances  r  several  ^^jfnanic  tests  of  plant  structures  have 
been  cooduoted  by  using  a  large-scale  shake  table  of  the  National  Itoseardii  Center  for  Dis- 
aster Prevention  (VRCDP)  in  Tkukuba  New  Town.    This  report  will  present  in  general  the 
results  of  dynamic  tests  on  a  graphite  shielding  structure,  oil  tanks,  fuel  assenblies  of 
nuclear  reactor,  and  a  container  vessel  of  thin  shell. 


Words:    AselsBle  Dsslgn;  Dynaale  Tests;  Muclsar  Reactors;  Oil  Tanks;  Power  Plants; 
Shake  Table, 
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Inttoduetion 

A  large-scale  shake  table#  of  the  MRCDP,  was  built  in  1970.    Since  then«  *  ttmbmr  at 
vibration  tests  on  BtzwtuxeB  have  been  conducted  under  a  joint  research  progrMi  witii 

engineers  of  other  research  organizations?.    Most  of  the  dynamic  test  projects  have  been 
related  to  problems  concerned  with  soils,  soil-structures,  and  soil-structure  interaction. 
Some  of  the  test  results  have  been  reported  at  a  previous  Joint  fauel  on  Mind  and  aaiaaio 
Effects. 

Pynamie  Test  of  a  Graphite  Shielding  structure 

The  dynsnic  test  of  a  graphite  shielding  structure,  used  for  fast  reactors,  was 
conducted    by  the  Povirer  Reactor  and  Nuclear  Fuel  Dovelopment  Corporation  and  the  Building 

Research  Institute  in  June,   1971,  using  the  large-scale  shake  table  of  NRCDP. 

The  graphite  shielding  structure  is  a  masonry- typo  structure,  composed  of  a  great 
niiu&ier  of  graphite  blocks  to  fill  the  space  between  the  reactor  vessel  and  a  safety  vessel. 
It  Is  necessary  to  leave  gaps  between  thn  blocks  in  order  to  account  for  dimensional 
changes  due  to  thermal  expansion  and  radiation  effects.     Tixo  graphite  blocks  are  connected 
by  graphite  shear  keys,  and  the  outside  rows  of  the  blocks  axe  linkod  by  zt&el  pins  to  tha 
safety  vessel. 

MeiSMio  stability  of  this  atruature  waa  to  be  obtalnad  directly  froai  tha  vlteatloa 
test,  because  it  la  dlfficiilt  to  thaocetloally  analyse   structures  with  many  gaps.  The 
half  scale  mdel  of  the  graiphite  diieldlng  atcueture  was  built  using  the  sane  ■atarials  as 
thoae  of  the  pzototjrpe.   Eleven  layers  of  tha  gr^hite  blocks  were  piled  vp  and  jointad  to 
a  eylljidrioal  call  of  3200  am  in  outer  dianaterf  2270  m  in  inner  dianeter,  and  1067  wm 
in  hei^t. 

Tha  nodal  atruetura  was  tilted  30  dagraas  and  than  45  dagraea  en  Hia  ahaka  table  in 
order  to  apply  tha  lateral  force  fox  a  atatic  test.    fiynaiHic  teats  were  conducted  by 
inducing  sinusoidal  waves  of  various  freqMsney  range  including  the  design  earthquake  wawea. 
Maaauzanwitfl  of  stzeaaaa  in  tha  zapraaantativa  blo<dta  and  keys,  stresses  of  the  pina, 

relative  diaplacesieats  of  tha  blocks,  and  accelerations  of  the  graphite  blocks  w«re  nada 

throug^MUt  during  the  tilting  test  and  the  vibration  test.     After  completion  of  thsas 
tests,  an  ultimate  strength  test  was  conducted  by  applying  static  loads,  to  determine  the 
ultiTiate  strength  of  several  gri^phite  blocks  of  1  or  3  layers  and  3  rows  connected  by  the 

shear  keys  and  pins. 

The  results  of  the  ultimate  strength  test  showed  that  the  ultimate  limit  acceleration, 
of  the  blocks  corresponds  to  the  collapse  mode  around  the  pin  hole,    (the  limit  accelera- 
tion for  the  pin)   this  limit  acceleration  was  52, *  g  and  the  ultimate  limit  acceleration  of 
the  blocks,  corresponding  to  the  collapse  mode  around  the  key  way,   (the  limit  acceleration 
for  the  key)  was  57.3  g. 

the  caaulta  of  tiia  atatle  tilting  test  indicate  that  the  llnit  acoeleration  for  tha 
pin  key  were  31.8  g  and  56.9  q  respectively,  as  Obtained  froM  the  aaaauxad  atrasa  valuaa  due 
to  the  lateral  ioroe  of  45*  inclination,    lhacafora,  tiie  atrass  concentration  on  the  nodnl 
stzuctuse  fbr  the  aetual  nuiriber  of  reaa  was  greater  than  that  of  three  rows*   The  iiirumLo 
aqplifieation  was  datarninad  fnn  vibration  tests  data,  and  the  values  for  the  pin  and  for 


ksy  wen  6.8  and  3.5  Mapactivwly.    Thus*  the  linit  acceleration  for  the  pin  wae  4.7  g 
and  that  tor  the  key  waa  16.3  9.   The  vibration  test  of  the  1/2  scale  sinulatlon  nodel 
shOMs  tiiat  the  Unit  acoeleration  was  4.7  g,  lAich  is  equivalent  to  2.3  g  on  the  proto- 
type structure  according  to  the  siadlari^  law. 

the  results  of  the  response  analysis  of  the  reactor  building  and  tJie  safety  vessel 
supporting  the  graphite  shielding  structure  indicate  that  the  respcntse  aooeleration 

of  a  deri^i earthquake  <0.15  g  at  the  base  of  the  building  foundation)  was  0.43  g  at  the  eleva- 
tlon  of  the  gxafhite  shielding  structure. 

Prom  these  results »  it  is  considered,  therefore,  that  xhm  graphite  shielding  structure 
was  aseisnic.   Hhe  safety  vessel  had  high  stiffness  and  the  earthquake  response  of  the 
vessel  was  uniform  in  the  vertical  direction.   Ihe  effect  of  insufficient  nuitier  of  layers 
for  the  model  can  be  ignored,    ihe  design  of  the  graphite  shielding  structure  can  be 
applied  to  other  areas  of  greater  earthquake  design  for  this  reactor,  if  the  pin  is  rein- 
forced. 

Dynamic  1!est  of  Fuel  Jtssesfcly  for  Wuclear  Reactor 

The  fuel  asseitoly  of  a  nuclear  reactor  is  one  of  the  most  invortant  parts  of  the 
reactor f  as  it  contains  the  boiling  water,  and»thu«  it  is  necessary  to  evaluate  its  dynamic 
tibaracteristies.   Hie  dynamic  test  of  such  a  fuel  asssafelyf  was  oonducted  by  Hitachi  and 
tiie  NRCOP  in  June,  1974. 

A  unit  of  4  fuel  elements  was  used  for  the  test,  and  had  a  dimension  of  4,500  nun  in 
length,  containing  49  fuel  rods  Inside  the  channel  box  with  dimension  of  138  nm  and  2.03  inm 
in  thickness.     The  nodol  fuel  rods  were  made  from  lead,  which  had  a  density  approximately 
eouivalont  to  that  of  uraniun  dioxide.     The  four  fuel  element  unit  was  fixed  to  the 
supportii^g  system  inside  a  steel  tank,  which  had  a  dimension  of  800  nm  in  dieuneter  and 
S20Q  mm  in  height. 

The  lateral  vibration  forces  were  applied  at  two  horizontal  directions  0  degr«>«>  and 
45  degrees.  These  angles  were  between  the  side  of  the  fuel  element  and  the  direction  of 
the  dynamic  force.  The  influence  ol  tne  inserted  control  rod  insert  and  the  gap  between 
the  fuel  elements  was  studied.  The  effects  of  the  boiling  water  inside  the  reactor  core 
were  also  examined  by  filling  the  tank  with  water  and  thus  simulating  submerged  conditioas. 

The  upper  joints  of  the  fuel  elesient  are  conposed  of  channel  fasteners  with  the  upper 
lattice  panel  and  diannel  fasteners  (designated  as  a  spring  joint)  was  fixed  by  a  spring  in 
the  original  design.    The  tests  were  conducted  using  a  wedge  type  fastener  in  order  to 
study  tiie  influence  of  the  fined  supporting  system  (designated  as  a  pin  joint) . 

The  dynamic  response  of  the  structure  was  measured  by  accelerograms  attached  to  the 
fuel  assenbly,  tank,  and  the  shake  table.    Sinusoidal  waves,  with  a  frequency  range  between 
3.0  and  8.0  Oz  at  a  sweeping  speed  of  0.025  Ms/sec,  were  induced  for  the  vibration  tests. 
The  iqput  accelerations  were  betweoi  0.1  g  and  0.3  g  and  were  chosen  in  order  to  test  the 
influence  of  the  various  vibrational  forces  on  the  response  structure.   The  design  earth- 
quake response  waves,  dbtalned  from  tlM  analysis,  were  also  applied  to  the  model  structure 
under  several  acceleration  steps. 
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TlMTe  was  not  nodt  dlff«r«nee  In  th«  fx«qawicy  charact«ri8tics«  for  th«  teat  MSiilts, 
when  oonsldering  high  to  low  fraquwnelM.    This  naans  that  thft  non-llAMrity  o£  th»  vfipmt 
spring  ^olnt  tma  not  as  assoned.    Ths  acceleration  perpendicular  to  the  direction  of  the 
dynamic  force  of  the  vibrating  elements  was  1/3  of  that  of  the  direction  of  table  vibractlon. 
The  measured  accelerations  during  the  45  degree  Tibratkm  t«at  was  aaaller  than  thoee 
during  the  vibration  of  the  0  degree  test*  wltii  the  difference  becoming  smaller  between 
the  test  values t  as  the  vibration  force  woe  increased.    The  dynamic  amplification  ratio 
was  greater  for  the  0  degree  test  than  for  the  45  degree  vibration  test.    For  the  tests  with 
the  spring  joint  system,  the  resonant  frequency  becarr.e  hiqhc^r  inn  the  aB{>li£ication  ratio 
increased  with  an  associated  increase  of  the  applied  force.     i:i  the  cafic  of  XJho  pLn  jointod 
system,  the  amplification  ratio  of  the  slcmnts  was  const.an::  <>v^^:.  wIk^i  t)\c  applied  input 
force  was  increased.     The  resonant  frequency  of  the  t  ,ifl  acGorrli  l  y ,  witli  incc-rted  control 
rods,  was  not  different  from  that  of  the  structure  without   -Qncrol  roHs.    when  the  fuel 
assembly  was  immersed  into  the  water,  the  aunplif  icat  I'lr.  fiict^^r  of  tno  f  uc- L  element  with 
control  rods  was  reduced  to  a  ran^fj  between  1/2  to  1/4  of  that  of  th-^  element  without  con- 
trol rods.     The  data  indicate  that  the  control  rods  can  cau.se  (^timpinu,  and  thus  will  reduc«i 
the  dynamic  response  due  to  earthquake.    The  amplification  ratio  obtained  fzan  th«  earth- 
quake vibration  tests  were  between  1.1  and  1.3,  and  thus  the  dynamic  amplifieatloa  ratio 
of  2.0  used  for  the  actual  design  of  fuel  eleotent  is  conservative. 

The  rasulta  of  the  dynamic  tests  show  that  it  is  necessary  to  deeign  the  stnrctural 
fuel  asseal>ly«  witiiout  control  rode  and  with  the  force  direction  at  0  degrees.    Vha  nan" 
linear  characteristics  of  the  fixed  joint  system  causes  no  problem  en  the  response  analysis 
under  the  oooi^atively  greater  deeign  aooeleratioas  and  also  when  the  fuel  aasesbly  is 
submerged  into  the  water. 

D^'naroic  Test  of  Thin  Shell  Contaiuax  Veaael 

The  container  vessels  for  the  nuclear  reactor  are  shell  type  vessels  with  additional 
structure  elements  inside  the  wall*    It  is  generally  aesuaed  that  such  vessels  will  show 
a  oooiplicated  dynamic  response  due  to  eartiligiialces*    The  dynamic  test  of  a  model  thin  shell 
container  vessel  was  therefore  conducted  by  tihm  Hitachi  and  the  krcop  in  July,  1974  after 
ooqpletlon  of  the  fuel  asaaifl>ly  act. 

The  model  structure  was  domsd  Shaped  and  had  a  dimension  of  2400  nm  in  diameter,  3600 
net  in  height  and  2  an  thick,  and  was  made  of  vinyl  chloride  resin.    Vhe  model  had  a 
circular  flange  bonded  to  the  bottom  of  the  vessel  Which  was  then  bolted  to  the  large- 
scale  shake  table.    The  model  container  vessel  had  supplnentary  weight  inside  the  shell 
wall  and  a  stiffener  belt  outside  the  vessel.    The  model  was  subjected  to  sinusoidal 
vibration  waves  forcinq  fiat  various  frequencies  and  ,k  ^cU  r  ition. 

The  accelerations  of  thin  shell  in  the  normal  r.Uiuotion  ar.:i  tm?  stresses  o:  the  shell 
in  radial  and  vertical  directions  were  measured  usj:.q  .i  u^inro.M  'iis         str<iiri  L);jc|f^H. 

The  results  of  the  dyncunic  tests  indicate  that  L;:c  vibraLional  l:c)iavioi  of  the 
this  shell  tv-p*?  vessel  siaiulates  bean  type  vertical  vibratioiis.     'ili':^  resonant  frequency 
was  approximately  19  Hz,  wnich  was  not  influenced  by  the  supi;ici;>eulaiy  weiyhu  ox  by  tije 
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8tiff«Mr«   In  tiM  raB9«  of  the  low  fx«qiieneieft  ahell  type  characterittie  vibrations  ware 
noted  but  the  aqplifieationa  wet*  analler  than  those  observed  for  the  beam  effect.  The 
shell  response  increesss  the  resonant  freqaencies  but  reduced  the  dynanio  aqpllfieatlon  in 
the  lower  freqiMney  range. 

Dynamic  Test  of  Oil  Tank 

In  order  to  Increase  tite  crude  oil  reserve  in  Jiypan*  It  Is  necessary  to  bolld  snper- 
soale  orude  oil  storage  tanks.    The  dyaaaie  test  of  a  nodel  oil  tank,  was  therefore  conduc- 
ted In  order  to  oonflna  the  aselsaie  stabiltiy  of  floating  roof  tanks,    sucdi  tanks  are 
oonsldnsd  to  be  suitable  for  siver-scale  oil  tanks.    The  dynamic  test  of  a  nodal  tank  was 
conducted  by  Mifipen  Kekan  (NKK)  and  the  HRCDF  In  February,  1974. 

Ihe  purpose  of  the  test  was  to  establish  the  sloshing  aiovenent  of  fluid  in  the  tanks, 
exanine  the  stresses  in  ttia  shell  wall,  and  to  design  the  aseisaic  floating  roof  tanks. 
Vhe  wave  heights  of  the  fluid,  the  ^rnanlc  pressure,  the  velocity,  and  the  strains  in  the 
tank  shell  were  sHiasured  to  «9btaln  the  dynandc  duueacterlsties  of  the  tank  and  the  contained 
fluid,   sinusoidal,  triangular  and  rectangular  waves  were  applied  for  the  dynanio  test,  as 
ware  aarthquaka  simulatad  waves  of  six  representative  earthquakes. 

Three  model  tanks  were  built  on  the  shake  ted>le.    A  cylinder  type  model  used  for  a 
sloshing  test  had  a  diameter  of  2860  nun,  a  height  of  1219  rm  and  a  steel  plate  thickness 
of  4.5  mm.     The  rectangular  type  nodel  also  useri  for  sloshing  test  had  a  length  of  2000 
mm,  a  width  of  1000  mm,  a  height  of  1000  mn,  and  a  steel  plate  thickness  of  4.5  mm.  The 
third  model  was  a  cylinder  type  which  had  a  diameter  of  2190  mm,  a  height  of  914  ram,  a 
Steel  sheet  thickness  of  0.4  mm  and  was  constructed  for  the  dynamic  tests.    The  cylinder 
type  model  tank  used  for  the  sloshing  test  was  also  used  to  determine  the  damping  effects 
of  a  floating  roof  with  damping  fins.    The  results  of  the  dynamic  tests  showed  that  the 
stresses  la  tlie  qflinder  wall  due  to  the  vibrational  ftarce  were  greater  than  those 
assuned  fron  the  analyaes.    the  wall  stresses  due  to  sloshing  fluid  however  tfere  less 
than  the  stresses  assuned  from  ^e  analysis.    The  natural  freguency  of  the  sloshing  fluid 
was  in  good  agrsoment  with  these  obtained  from  the  theoretical  analysis,    when  sinusoidal 
wsvss  rqpresenting  the  natural  frequency  of  0.5  Hz  for  tlie  first  node,  1  Hs  of  the 
ssoond  node,  and  1.2  Hs  of  the  third  node  were  applied  to  the  model  tank,  the  sloshing 
phenonsna  in  reeonsnoo  were  caused  hy  the  vibration  of  the  ainuaoidal  waves.    Mo  sloshing 
pihennnenon  was  observed  in  the  xsnge  of  frequency  idiieJi  were  different  fros  the  nstural 
frequencies. 

In  order  to  reduce  the  sloshing  novement  of  the  fluid  surface,  dynaaie  tests  were 
conducted  for  the  following  casesi  (1)  using  a  floating  roof,  with  fins  for  damping, 

using  a  floating  with  water  on  the  top  of  the  roof.    The  result  of  the  tests  with  a  floating 
roof,  showed  that  the  damping  coefficient  was  not  different  from  that  of  the  free  surface 
fluid.     In  the  case  of  the  test  for  a  tank  with  a  floating  roof  with  damping  fins,  the 
dair.ping  coefficient  of  the  sloshing  was  three  times  as  much  as  that  of  free  surface  sloshing. 
In  the  case  of  the  test  for  tanks  with  a  floating  roof  with  water  on  the  top  as  weight,  the 
damping  coefficient  was  two  times  as  much  as  that  of  the  free  surface  sloshing.    This  means 
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that  the  duping  fins  «M  quite  •ff«ctiv«  in  zedueing  the  eloeihiiig  novennt. 

Conclusion 

This  paper  has  briefly  described  the  dynaaic  tests  using  the  large-scale  shake  table 
of  the  NRCDP,  and  the  obtained  on  structures  for  nuclear  power  plants  and  oil  tanks,  tJoastt 
tests  are  quite  important  in  order  to  prevent  disasters  due  to  the  earthquakes . 

The  oil  tank    fires >  due  to  the  Niigata  Earthquake  in  1964,  and  the  crude  oil  leakage 
and  pollution  caused  by  ths  oolll^se  of  tanlcs  in  to  the  inland  Sea  in  Ocayaoa  in  1974,  and 
the  poesiU*  Kmaeaki  Barthqpiake  prediiited  ffeos      date  on  ground  topheaval,  h«v«  arosssd 
ooneezn  in  the  field  of  earthquake  engineering  and  in  the  aseiaaic  stability  of  stzuetures 
in  industnal  plants.   Howsvisr  the  industry  and  ^Ivats  organisations  are  priaHorily 
responsible  for  the  design  of  suOh  strueturss  and  ths  govamBent  institutions  oan  only 
regulate  the  design  of  sndi  struetvres*    It  is  therefore  necessary  to  develop  the  theoreti- 
cal analysis  of  the  dynamic  behavior  of  plant  stmetiires  and  alao  to  test  large-aeale 
stnetuxa  on  a  diaka  tabla.    in  addition, it  is  necessary  to  i^trom  the  shake  table, 
develcpannt  of  techniqaes  for  dynanio  tests  t  and  studies  regarding  sinulation  and 

lha  Maouross  and  Energy   Aganey  of  tha  Ministry  of  International  Trade  and  Industry 
baa  aSPtoipnated  part  of  tiie  funds  to  build  a  nev  large-acala  shake  table  in  their  budget 
for  the  fiscal  year  of  1975-1976.    The  shake  table,  of  dimension  of  30  m  square  can 
support  a  test  strttotuze  of  1000  tons  and  wan  built  for  the  dynaaiic  teating  of  structures 
for  future  nuclear  power  plants.    However,  there  are  still  nany  pnblana  conoamad  with 
the  construction  of  such  super-scale  shake  tables. 

It  is  hoped  that  by  exchanging  technical  information  L  , rough  ttie  Joint  Panel  on 
Wind  and  Seismic  Effects,  many  of  these  problems  can  b«  solved. 
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ABSTRACT 

The  general  response  of  sheet  pile  foundations,  relative  to  analytical  and  experimental 
studies,  are  discussed.    Test  results  are  given,  in  addition  to  the  development  of  general 
d«»ign  •qpiations. 
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1.  Introduction 

Sbaet  pila  foundationa  oonalBt  of  stsal  pilM  wltta  jointa*  drivain  Into  the  grtmai  to 
fom  a  aloaad  unit.    Vhla  la  a  uniqpia  foundation  atruotura  and  «ea  davaloi^  by  thm  Japmmmm 
Btaal  ■anufactucani.  Slnca  thla  foundation  uaaa  ataal  pllaaf  It  haa  advantagao  In  that  tfaa 
work  eaa  ha  aaohanlaad  and  ooaplotad  within  a  ahortar  period  of  tlna  and  that  the  diaaaaiona 
and  penatration  length  of  the  foundation  can  ha  fraaly  choaan.   Aia  anoloaura  of  the  afaaat 
pilaa  alao  can  ha  used  for  a  eoffardan  hf  aaking  thalr  jointa  watertight. 

Thm  ahaat  pile  foundation  waa  flxat  uaad  in  IMS*  for  the  foundation  of  bleat  fiimanea» 
and  waa  uaed  for  bridge  oonatruetion  in  1969.    Owing  to  Ita  outatandlng  advantageay  the 
ahaat  piling  natjiod  haa  bean  uaad  in  the  oonatzuotlon  of  aona  148  foundatlona  for  40 
btidgaa«  and  it  will  preiMibly  be  uaad  aeca  fcaqpiently  in  the  future.   Vhia  nathod  haa  pel* 
narily  been  used  for  suoh  cases  that  oaanot  use  easslons  or  piled  foundatlaiSf  because  the 
ground  and  watar  depth  oondltiena  axe  poor  and  the  dlMuaaloaa  are  large. 

The  sheet  pile  foundation  Is  considered  to  be  a  structure  having  nachanical  charaoter^ 
istics  intezmediate  between  the  caisson  foundation  and  piled  foundation.     It  is  therefore» 
necessary  to  establish  more  efficient  design  of  the  sheet  pile  foundation,  by  naking 
further  investigations  on  its  mechanical  characteristics. 

In  this  paper,  we  would  like  to  discuss  the  structure  of  the  sheet  pile  foundation, 
the  presently  used  design  method^' ,  past  perfonzianceSf  and  the  results  of  in-site  experi- 
ments.    Also  to  be  presented  will  be  the  results  of  «u»  analysis  we  have  made  in  an  attempt 
to  clarify  the  structural  characteristics  of  the  sheet  pile  foundation.    The  sheet  pile 
foundation  has  such  complicated  structural  characteristics/  that  we  have  advanced  QiU.y  one 
step  in  its  investigation. 

We  will  not  disausB  the  use  of  the  sheet  pile  fbundation  for  oofferdaa,  in  tbls  paper. 

2.  Sheet  Pile  Foutidat-ion  structuire 

2-1  General  Def xnition 

The  sheet  pile  foundation  is  defined  as  a  structure  that  forms  a  circular, 
elliptical  or  rectangular  enclosure  with  steel-piFf?  or  H-shaped  steel  piles  driven 
into  the  ground.     Their  heads  are  rigidly  connected,  and  the  joints  are  so  treated 
that  the  required  horizontal  resistance  and  vertical  bearing  capacity  is  developable. 
As  will  be  seen  from  the  examples  given  later,   it  can  be  said  that  steel-pipe  piles 
can  be  used  in  maiiy  instances.     As  for  the  treatront  of  the  joints,  they  are  grouted 
with  mortar  to  prevent  the  passage  of  water,  because  the  sheet  pile  foundation  is  also 
used  to  serve  as  a  eofferdsn.    The  grouting  of  the  joints  with  jaortax,  although  it  is 
a  taohnloally  difficult  woidc,  is  enployed  because  the  weak  points  of  the  ahaat  pile 
foundation  ilea  in  the  joints  and  ita  atrengfefa  can  be  increased  hy  the  treataent  of 
audi  Joints.   Much  is  aivected  in  the  develoiwant  of  efficient  jointa  tax  Vbm  flitura, 
2-2  Material 

The  aatarial  that  la  uaad  for  the  ahaat  pila  foundation  la  ataal,  wtaielfc  has 
sufficient  etrength*  quality  and  aaotioDal  charaeterlatlca  to  aatisfjr  its  structural 
oonfiguratlon.    As  a  rule,  the  steel  shall  be  over  8  na  In  thiolouMS.    The  Asst  pils 
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foundation  utilizes  8ttt«I  pilss  or  H-shaped  stMl  Chests,  whosa  shap«s  and  dinenslons 
are  described  at  tlie  end  of  this  paper.    The  shapes  of  steel  piles  and  joints  are 
shown  in  Pig.  2-1  and  their  dimensions  and  vreights  are  given  in  Table  2-1.  typical 
values  are  given  in  the  figure  2-1.    The  steel  used  in  the  making  of  the  sheet  piles 
are  defined  by  JIS  ASS28  and  is  as  follows. 

Steel-pipe  piles:  Sy24 

H-shaped  steel  sheet  piles:    Sy30«  Sy40 
The  allairable  stress  intensities  for  the  stool  piling,  as  given  In  the  chapter  de- 
voted to  surveying  and  designing  in  the  specifications  for  Substructure  Design  of 
Highwa    Bri  aiE  given  herein  in  Table  2-3. 

2-3  Structural  lypes 

The  sheet  pile  foundations  can  be  classified  by  shape  into  two  types,  that  is, 
the  well  type  which  is  formed  with  the  piles  of  equal  length  driven  to  the  bearing 
stratum  and  the  pronged  type  in  which  some  of  the  piles  are  driven  to  the  bearing 
stratum.     These  two  baa.ic  luicts  of  sheet  pile  foundations,  can  be  further  divided 
into  several  types  according  to  the  cross  sectional  contour,  number  of  foundations, 
and  joint  grouting  method  as  shorn)  in  Table  2-4. 

As  was  mntionad  previously  fox  the  well  type,  all  the  piles  are  driven  to  the 
bearing  stratum  and  the  head  of  piles  are  rigidly  connected  by  a  footing.  However, 
when  the  bearing  straitum  is  located  at  a  relatively  great  d^th,  it  has  greater  verti- 
cal load  bearing  capacity  than  horizontal  capacity,    in  such  cases  it  is  more  econom- 
ical to  employ  the  pronged  type,  in  %diicfa  some  piles  are  driven  to  the  bearing  stratum 
while  others  are  stopped  midway  between  the  ground  surface  and  the  bearing  stratum, 
ther^y  reducing  the  quanti'^  of  steel  piling. 

the  <theet  pile  foundations  can  have  such  cross  sectional  contours  aa  circular, 
oval  and  rectangular,  as  illustrated  in  Fi.g  2-2.    In  the  ease  of  caisson  foundations, 
the  cross  sectional  contour  greatly  influences  the  speed  at  which  the  construction 
work  can  be  conducted.    In  this  method,  however,  the  work  differs  little  €rom  the 
conventional  piling  work,  therefore  the  cross  sectional  contour  arrangement  has  little 
influence  on  the  speed  of  construction. 

The  sheet  pile  foundations  can  be  divided  into  five  types,  as  illustrated  in 
Fig.  2-3,  according  to  the  differences  in  the  head  and  coffering.     Class  (1)  is 
called  the  "rising"  type,  in  which  the  footing  is  above  the  water  surface.     Class  (2) 
is  called  the  "closing"  typo  in  which  a  closing  wall  is  built  independent  of  the 
foundation  body  and  footing.     CLass    (3)    is  called  the  "coffering"   type,    in  which  the 
sheet  piles  rise  above  the  water  surface  to  form  a  cofferdam  and  the  coffering  parts 
of  the  sheet  piles  are  above  the  water,  after  the  foundation  bo^  and  footings  are 
completed.    Class  (4)  is  called  the  "semi-rigid"  type,  in  which  the  Inside  of  the  wall 
is  partially  excavated  and  filled  with  concrete,    class  (S)  is  called  the  "rigid*  type, 
in  which  the  inside  of  the  well  is  excavated  down  to  the  bearing  stratun  and  filled 
with  concrete. 
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2-4  The  Development  and  Characteriitic  Fttatures  of  Sheet  Pile  Foundations 

"Hie  sheet  pile  foundation  was  used  as  a  foundation  for  the  first  time  in  conjunc- 
tion with  the  blast  furnaces  at  the  Mizushima  Iron  Works  of  Kawasaki  Steel  Corporation. 
Tn  addition,  after  repeated  tests  on  models  and  actual  sheet  pile  foundations,  this 
method  was  used  in  the  construction  of  bridges  for  the  first  '■ime  on  the  Ishikari  Kako 
Bridge  (HokXaido) ,  1969)  and  then  for  the  Omigawa  Bridge  (Chiba  frafactura,  1970>  and 
the  Senbomnatsu  Bridge  (Osaka  City,  1970]. 

hB  noted  the  first  application  of  this  method  was  in  the  owtstruction  of  «  blMt 
furnace  fomidatioii,  with  tbm  d«v»lciM«nt  and  sMMroh  of  tlM  shMt  pll«  foundation  con- 
ductad  hr  aavwnl  Major  ataal  MmnfaeturiM.  Apart  frcai  t&a  blast  famaeft  foandatioMr 
thla  aathod  waa  alao  na«fd  fti  varloua  elvU  anginaarlug  woKkaf  auoh  aa  dolptalaa  and 
soala  pits  at  tlM  iron  «orka.   M  tint  atagat  davalcpaant  and  raaaardi  projaota  waca 
oonductadf  tharalv  dawlpping  tha  fttndaMatal  taehnl«Mi*s  for  Its  applieatlon  In  tha 
oonatrvctien  of  bridiga  foundations. 

The  aliaat  pile  fbundation*  la  oenaidarad  to  hava  a  rigidity  cXoaa  to  that  of 
the  oalason  foundation  t  and  can  ba  built  alaoat  in  tha  aaaa  nannar  as  tha  pilad 
foundation  and  ia  wall  auitad  tor  ISbor-aavIng  and  rapid  oonatruotion  work.  Ibia 
■athod  has  ao  maiqr  advantag«s»  that  tbm  Ninistcy  of  Oonstruction  granted  rasaareh  a«ib- 
aidies  to  tha  staal  nanufaeturas  in  1969 »  in  order  to  encourage  their  reeeavoh  relative 
to  tba  wozkability  and  struotural  olbavaotaristlaa  of  sheet  pile  foundations,    in  thla 
relatiORr  the  steel  manufacturers  took  the  initiative  to  fom  a  sheet  pile  foundation 

reaeardi  oonmittee  which  included  university  professors  and  governBent  officials,  in 

(3) 

order  to  conduct  the  four  research  projects      .    Tliese  projects  were;   (1)  investiga- 
tions on  pile  driving  accuracy,   (2)  the  water  seepage  prevention,   (3)  the  integrity  of 

pilinq  and   concr.jto  grouting,    and    (4)    vibration  char.sctf»r1  stics .      As  a  result  of  these 
Studies,  the  "Specification  for  Designing  and  Construction  of  sheet  Pile  Foundations" 
was  published  in  January-,   1972.     Although  this  ia  a  Specification,  which  was  developed 
from  nongovernment  basis  unlike  tha  technical  standards  set  up  by  the  Ministry  of  Con- 
struction i.e.  the  Specification  for  Highway  Bridge  Design  axui  the  Sp«ci£ioatioa  £ar 
Svbstrttotuze  Oaaign  of  Highway  Bridges ,  it  baa  been  widely  uaad  in  the  actual  design 
and  building  of  bvidga  foundations. 

(kia  of  tha  nost  outstanding  faatoras  of  tb»  Aaat  pila  foundation  is  thnt  the 
coffering  aathod  can  ba  used.   As  a  ■attar  of  faot*  this  particular  typa  has  bean 
uaad  In  Dnat  of  tba  tfaaat  pila  fbandatioos  coostxttotad.   fif .  2-4,  shone  the  atepa  In- 
volved in  censtraetion  of  this  tw  of  tha  ahaat  pila  foundation.   Tha  building  of  a 
pile  foundatioa  in  water  requixaa  a  coffardMf  a  great  deal  of  maamf,  and  takes  a  long 
tlaa  to  oanplate  tha  work  whan  the  water  ia  deep,   flta  neohanioal  stability  of  a  oofSar- 
dan  is  not  fttlly  understood.    In  this  foondation  type,  tba  coffardan  is  built  with  tha 
aana  atmotural  natarial  as  tha  foundntien  body^  thnraforaf  it  haa  a  very  high  dagxea 
of  safety.    It  is  possible    to  further  increase  the  safety   by  filling  the  gape  between 
the  cross  beams  of  H-shaped  steel  sheet  piles  and  steel-pipe  piles,  thereby  integrating 
the  tialiering  and  cofferdSM.    If  the  sheet  pile  foundation  ie  to  be  effective  as  a 
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ooffezdam*  It  is  Mcsasaaxy  to  haws  watartlghtoMs  of  th«  jolntSf  and  ham  a  ptopM 
tadinlqiM  in  cutting  of  tha  atacl  pipa  piiaa  in  watar  in  ordar  to  hanra  an  ef ficlant 
and  aoonenical  product. 

3.     Designing  of  Sliec-t  Pile  Foundations 
3-1  Fundawentala  of  Deaiffl 

nha  basic  prineiplas  to  ba  considarad  in  the  deaign  of  sheet  pile  foundations 
are  listed  below) 

(1)  The  ground  reaction  on  tiie  well  botton  and  at  the  distant  enda  of  the 

pronga  of  sheet  pile  foundations  must  not  exceed  the  alloifable  bearing  capacity 
of  the  ground  at  the  given  position. 

(2}  The  shear  resistance  on  the  well  botton  of  a  sheet  pile  foundation  mist  not 
exceed  the  allowable  shear  resistance  between  the  well  botton  and  tiie  ground* 
0>  The  displacewent  of  a  sh«et  pile  foundation  must  be  considered,  by  considering 
the  allowable  anount  of  displacement  that  is  detecmlned  in  relation  to  the 

superstructure . 

(4)  The  intensity  of  stress,  in  the  various  parts  of  a  Sheet  pile  foundation* 
must  not  exceed  the  allowable  stress  intensity. 

(5)  Since  the  horizontal  resistance  of  a  sheet  pile  fo-j;ndation  is  treated  as  a 
beam  on  an  elastic  foundation,  as  in  the  case  of  a  piled  foundation,  there  is  no 
need  to  consider  the  grovind  reaction  or.  the  front  surface  of  the  foundation. 

(6)  In  the  case  of  a  sneet  pile  foundation,  whose  displacement  is  large  axid 
natural  frequency  is  long,  it  is  preferable,  if  the  responsible  engineer  deems 
it  neceasary,  to. make  a  dynamic  analysis,  such  as  analysis  will  tain  the  super- 
structure into  consideration,  and  to  make  a  oonprdMOslvv  sto^  of  displacemants 
and  stresses  in  the  structural  iMmbers. 

3-2  Determination  of  Load 

She  loads  to  be  used  in  the  design  of  sheet  pile  foundations  shall  ecoply,  as  a 
rulot  with  Chapter  2  "Loeds"  in  the  part  devoted  to  investigations  and  design  in  general 
in  the  "Specification  for  Substructure  Design  of  Highway  Bridges"  and  Chapter  3  "Loada" 
and  Design  Conditions  to  be  Considered  in  Barthquake  Rasistant  Design  in  the  "deifi- 
cation for  Barthqvake  Ilesistant  Design  of  Highway  Bridges". 

The  loads  to  be  considerad  include  live  loads #  dead  loads «  earth   pressures*  water 
pressures/  buoyancy,  effects  of  temperature  changes,  effects  of  earthquakes,  snow  load 
etc. 

3-3  Allowable  Vertical  Bearing  Capacity 

The  allowable  vertical  bearing  capacity  shall  be  detemined,  taking  into  consid- 
eration the  degree  of  importance  of  the  structure,  as  followsi 

(1)  Vertical  load  test 

(2)  The  formula  for  statical  beariny  capacity 

(3)  Estimated  values  when  the  values  are  proven  correct 

(4)  Fonutla  for  the  statical  bearing  capacity 
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Mbien  calculating  the  allcMttble  vertical  bearing  oi^acity,  several  foxnalasr 
not  iwrely  one  fooomilar  cAiould  be  used  so  that  a  conprehensive  study  nay  be  nads  froa 

the  results  of  all  such  calculations.     The  allowable  bearing  capacity  is  a  value  to  ba 
obtained  by  dividing  the  ultimate  bearing  capacity/  obtained  fxcm  the  statical  foraola^ 

by  a  safety  factors  given  in  Table  3-1. 

Hie  conception  of  the-  bearing  area,  when  calculating  the  bearing  capacity  of  tlM 

ground  and  the  bearing  capacity  calculation  fozauias,  are  shown  in  Table  3~2.  The 

symboia  used  in  Table  3-2  are  as  foilowsj 

Ra:    Allowid)le  bearing  capacity  of  a  sheet  pile  (X.9} 

S:     Safety  factor 

i^:    Length  of  penetration  of  well  (cm) 

i^:    Length  of  prong  (cm) 

V*   Bstemal  circwferance  (cm) 

U  I    ^rouBferential  length  of  prong  tern} 
o 

n^  I    Muifber  of  sheet  piles  f oming  the  well 
n^;    MurtMr  of  prongs 

qdt   Ultiaate  bearing  capacity  of  the  ground  at  the  disttntend  of  sheet  pile 

0cg/cin2) 

2 

f:    Frictional  force  on  the  circumferential    surface  of  well  (kg/cm  ) 
f^;    Frictional  force  on  the  cixounferentiai  surface  of  prong  Ocg/cn") 

3-4  Horizontal  Resistance 

(i)   Floxural  rigidity 

The  flexural  rigidity  is  considered  to  vary  according  to  the  treatment  of  th« 
joints  between  the  sheet  piles,  the  treatment  of  the  heada  o£  shftet  piles,  the 
type  of  soil,  ekiid  the  i>hapes  and  dimensions  of  the  sheet  pile  foundations. 

As  a  matter  of  convenience ,  the  flexural  rigidity  can  be  obtained  by  using 
the  f^lowlng  f omnia  as  obtained  ftam  the  en^eriaentei 

"1       »l  2 

E  e  E(  £ii  +  pEAi  yp  O-l) 
*       i-1      i«l  * 

where 

6  2 

E:    Elastic  i^odulus  of  sheet  pile  (2.1  x  10  kg/cm  } 

4 

It    Moaeat  of  ineartia  of  sheet  pile  foundation  (on  ) 
lis    Moamt  of  ineartia  of  i-th  eheet  pile  (cm*) 
n.  t   MurtMr  of  sheet  piles 

2 

h^t    Sectional  area  of  i-th  dieet  pile  (ck  ) 

yii    Distance  of  i-th  sheet  pile  from  the  center  axis  of  sheet  pile  fbundatlon 
(cn) 

v:    Cooposite  efficiency  of  sheet  pile  foundation  <0  to  1*0) . 
The  reference  values  are  shown  in  Table  3-3. 
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(il)  Oottffioient  of  groond  r«ftetion 

Hm  coefficient  of  th«  gxound  reaetloa«  ii  defined  as  tlie  eplit  line 
gradient  of  tlie  load-dieplaoewent  curve.   That  ia^ 

K  •  J  (3-2) 


idiere 

Kt   Goeffioient  of  ground  reaction  (kg/ca^) 

Ibe  ground  reaction  eoeff icimts  include  horisontal  ground  reaction 
coefficient  (x^) ,  vertical  ground  reaction  coefficient  (K^)  #  and  hmri- 
Bontal  shear  spring  coefficiuit  (1^). 
7t    Load  intensity  (kg/cB^) 
y:    Amount  of  displacement  (cm) 
(1)  Method  of  estimating  the  ground  reaction  coefficienti  in  the  well  type  of 

sheet  pile  foundation 
o   Method  of  estimating  the  horisontal  ground  reaction  coefficient 

_B_  -  J-  j_ 
Si  ■  So*  30  ^     *  -  12.8  Kjj^b"  4  (3-3) 

where 

Kjjj^:    Horizontal  ground  reaction  coefficient  (kg/ctn^) 

K^^:     This  is  the  horizontal  ground  reaction  coefficient   {kg/cm"')  which  is 

equivalent  to  the  value  obtained  by  the  plate  loading  test  using  30  cm 

diameter  rigid  disk  and  can  be  expressed  by  the  following  formula  in- 
cluding the  20%  share  by  the  side. 


1.2 

30  "~0  ~  '"'O 


=  ^—  oiE_  -  0.040  OB 


Bi  Load  width  (cm) 
'o' 


ft 

1. «   Medulue  of  defomaticn  of  ground  9kg/cm  )  nsaeured  or  eetiweted  by  the 


■etiMida  Aomi  in  Table  3-4. 
Oi    Coefficient  which  are  ueed  nomally  or  at  the  tlae  of  earthgiitaleee. 
Shown  in  Table  3-4. 
o   Vartical  ground  reaction  coefficient 

-  —  1 
Si,  \2  =  '  '  "-^^voV  '  ^"^^ 


wiiere 

Ky^i  Coefficient  of  vertical  ground  reaction  at  the  well  botton  (kg/cn^) 
l^s    Coefficient  of  vertical  ground  reaction  at  the  pxcng  end  (kg/cn'^) 
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K    :    The  vertical  ground  reaction  coefficient  (kg/cm^)  equivalent  to  the 
vo 

value  obtaXned  by  the  plate  loading  test  using  a  cm  diaaeter  disk,  and 
can  be  stained  by  the  following  fomula. 

'^vo-^««o<'-«'''»o 

B^t   Bqolvalent  load  width  of  foandation  (ca) «  whlxdi  can  be  obtained  by  the 
gallowlng  fonnla. 


fiv  -  Air 

B^t  Mednlttt  of  dofbcwtloft  of  groqnd  MMortd  or  ostiMted  by  tfa«  n»tbod« 
ihoim  in  Mbl«  3-4  (kg/oi^) 
at   CoofficioBtB  to  bo  vBOd  aoenftlly  or  at  tte  tlM  of  Mtrtliqaakos.  StMMn 
In  Mblo  3-4. 

Jti^t    Base  area  surroundod  by  tte  outer  and  Innar  clrotanfermoes  of  tha 

fovindation  (cm^) 

When  the  grouid  beneath  the  base  of  the  sheet  pile  foundation  changes  in  the 
direction  of  the  depth,  or  when  there  exists  a  particularly  weak  stratum,  the  foixowiog 

should  be  considered; 

o    HorlzontsLl  shear  spring  coefficient 

K,  -  X  V 

K^s   8haar  spring  ooaffiolant  of  tiia  wall  bottm  VKq/mh 


(iii)  caloulatlon  of  hoelaQntal 

taauning  tte  ateat  pila  foundation  to  te  a  beaa  on  an  alaatic  foundatlonf  ita 
horisontal  raaiatanea  aliall  ba  obtalnad  by  tte  fbllowing  fbxwila. 

4 

BI^  •  -ky  (3-5) 
dx* 

where 

k:     Horizontal  ground  reaction  coefficient  (kg/cm^) 

y :     Amount  of  displacement  (cm) 

x:    Depth  from  the  groiind  surface  (era) 
Both  tiia  wall  ^fpa  and  tte  pronged  type  of  Ite  ateat  pila  foondation  atell  te 
aucfh  a  atmotwsa  ttet  tli«;a  axiat  a  taariwatal  spring,  vartieaX  spring  and  «tear  spring 
on  ita  front,  aid*  and  bottom.   rurAaxaovar  la  tte  eaaa  of  tha  wall  typm,  tte  botton 
ahall  raoaiw  a  vortical  ground  raaotlon  proportional  to  tte  vartical  dlaplaooBant  and 
a  ahiear  raaiataaoa  proportional  to  tte  horinootal  diaplaci 
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Wbeit  ttw  penetration  length  is  short  for  its  ri9idity«  and  the  shear  defomation 
is  so  largs  In  awiunt  that  it  cannot  be  ignored*  the  foondation  mst  be  designed  by 
taking  ttie  shear  deformation  into  consideration. 

(1)  Design  of  tho  well  type  sheet  pile  foundation 

A  mechanical  nodei  of  this  type  foundation,  is  illustrated  in  Fig.  3-1* 

O  Basic  Fomulas 

The  following,  are  the  basic  equations  relative  to  the  model  shown  in  Fig.  3-1. 

EI   7-    -  0 

d  X* 


-  -p 


where 


P  -  -  Kjj  py^^  (cm) 


D:    Load  width  of  sheet  pile  foimdation  (cm) 
y^/  y^:    Displacenent  (cm) 
The  following  are  the  general  solutions  to  equations  (3-6) . 
For  tha  part  above  the  ground 


y    -  A    x^-fB    X*  +  C    X  +  D 
'o      o  o  o  o 


for  the  part  under  the  ground 


-  e'^C*     Bin  0x  -I-  cos 


e^(C^  sin  6x  4  0^  oos 


(3-6) 


(3-7) 


The  unknotm  constants  can  be  determined  by  substituting  the  following 
boundary  mnsitions  into  the  general  equations  i 
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««-* 


z  '  0 


yo  =  yi»  yo'  =  yi' 

yo  -  yi"*  yo"'  -  yi"' 

-Elyi"»  «  -K.  A V  yi 


(3-8) 


However,  when  a  tensile  force  is  acting  on  the  well  bottom,  the  solution  must 
consider  1^^  (moment  of  inertia  well  bortoni)  ,  and  A^'    (effective  loadin9  airea  of  wali 
bottom) ,  which  ignore  the  part  where  the  tensile  foeoe  is  acting. 
3-5  Section  Forces 

ni*  stMM  tnt«n«tty  in  tb*  vertical  Alvtotloft  of  ^        typ*  MiMt  pilo 
foundation  oan  bo  coloulntod*  using  tbm  oootion  fc^oos  of  the  wsll.    Osing  tte 
vwtloal  foroe  the  horisontol  twccm  and  b«mdiag  monent  working  on  tha  top  of  the 
wall  la  than  obtainadf  and  titan  tha  atsaaaaa.   Hhen  the  conpoelte  affioiaaey  ancaadi 
0.5,  the  aquation  (3-9)  shall  ba  uaad  and  when  it  doaa  not  eacaed  0,5,  aqoation 
O-IO)  ahall  ba  uaad. 


Vq 

nl  Ao 
Vo 


I 


(3-9) 


<3-10) 


where 

2 

O:  Stress  intensity  in  the  vertical  direction  (kg/cm  ) 

v. I  Vertical  force  working  on  the  top  of  the  well  (kg) 

A^t  Saetianal  araa  of  a  ahaat  pile  (ca  } 

M^t  Naswnt  uorking  on  tha  top  of  tha  wall  (kg/csi) 
*  4 

It  llosiSBt  of  Inartia  (cm  }  with  oonaidaring  tha  ooppoaita  efflciancy  (u) 

yt  Olatanoa  (csi)  froa  the  oantral  axia  of  tha  wall  to  tha  point  whara  atraas  ia 

calculated 

n,i  .  Nximber  of  sheet  piles  in  the  well 

Z^:  Section  modulus  of  each  sheet  pile   (cm  ) 

Z. :  Saction  modulus  of  the  foundation  when  \i  =  1.0 
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ni    Bending  moment  distribute  on  constant  which  is  detarmlnad  by  the  oonpoftittt 
efficiency*  as  shown  in  Table  3-5,  for  exanple. 

(4)  Table  3-5 


7 

0,5 

0.93 

4. _  ^  y«*t  Pile  goiBidfttlctt  Ooigtructlon  _P«ojeot» 

mvortant  sjoaiples  of  sheet  pile  foundations,  constructed  prior  to  January  1975* 
are  Bhoim  in  lablea  4<-l,  4-2*  and  4-3.    flwaa  tables  ahow  the  pzojeet  nue*  purdiasca:* 
location  of  %fOr]Cf  starting  date  scale  of  work  Cbasic  sectional  dimensions,  sheet  pile  dl- 
oientions,  nu!ift>er  of  foundations),  the  type  of  sheet  pile  (type,  type  of  joints,  length  of 
joints) ,  and  the  basic  type.     Table  4-1  shows  those  cases  in  which  steel-pipe  piles  were 
used  in  the  construction  of  bridge  foundations.     Thorn-  are  37  bridges  and  126  sheet  pile 
foundations.     Table  4-2  shows  the  cases  in  wiucli  steel-pipe  piles  were  used  in  the  con- 
struction of  blast  furnace  foundations  and  other  foundations.     There  an?  14  ca?ios  and  59 
foundations.     Table  4-3  shoe's  the  cases  in  which  H-s:iaped  ateei  sheet  piles  were  used. 
There  are  6  cases  and  32  foundations.     A  total  of  148  sheet  pile  foundationG  wore  con- 
structed for  40  bridges.     As  seen  from  these  cases  of  sheet  pile  fouiidation  projects, 
steel-pipe  piles  were  used  for  most  cases.    There  were  very  few  cases  in  which  H-shaped 
•teal  piles  were  used*  and  alnost  none  in  recent  years,    it  is  also  noticeable  that  'tlian 
ia  an  increasLog  luiafaer  of  tlie  cofferdam  type*  iriiich  is  an  important  fsharacteriatic 
feature  and  merit  of  tbm  stwet  pile  foundation. 

Fi9S«  4-1  tbroo^h  4-4  show  Uia  histo9«ams*  obtained  from  the  data  given  in  these 
tables.    Pig.  4-1  shows  a  hiatogram  r«^eaenti»g  rectangular  or  oval  aheet  pile  foundations* 
using  their  largest  width.    Of  the  bridge  foundations  built  with  steel«fidpe  piles*  there  are 
16  such  foundations  ranging  frooi  10  to  IS  ■  in  width.    Fig.  4-2  ahows  the  circalar-shaped 
sheet  pile  foundations*  arranged  fay  their  diameters,    in  this  instance*  theae  are  the  only 
cases  in  wtai^  steel  pipe  piles  are  used.    The  foundations  of  this  type*  range  from  5  to  10 
n  in  diamster*  and  ore  used  most  often  for  bridges.    There  are  as  many  as  30  such  cases. 
Fig.  4-3  shows  a  histogram  arranged  by  the  sheet  pile  length.    Ihe  sheet  piles  used  most 
often  for  bridge  foundations  are  25  to  35  m  in  length.   Fig.  4-4  shows  a  histogram 
arranged  by  the  steel  pipe  diameter.    The  largest  in  number  arr  the  steel-pipe  piles  rangiig 
from  800  to  near  1000  am  in  diameter.    Aa  many  as  57  foundations  fall  into  this  category. 

5.  in-aite  Taate  of  Sheet  File  Foundations 

Tables  4-1  through  4-3  Aom  the  sheet  pile  foundations  which  were  oonstructed  in  tiie 

past  and  In-slte  testa  (loading  tests*  vibration  tests*  In-site  measurementa  of  stresses)* 

(4) 

where  the  test  results  are  rearranged  in  Table  S>1     *  including  11  cases. 

We  will  now  discuss  the  results  of  tests  conducted  on  the  Omigawa  Bridge,  in  which 
extensive  data  were  collected.    Fig.  5-1  shows  a  cross  section  of  the  foundation.  The 
pile  length  varies  from  42.6  m  to  24.5  m  and  the  foundation  is  of  the  pronged  type.  Fig. 
5-2  shows  the  column  section  of  the  ground.     Fi.g  5-3  shows  the  load-displacecient  curve. 
The  load  was  imposed  m  a  horizontal  direction  around  the  middle  of  a  bridge  pier.  Tht» 
displacement  measured  was  located  in  the  horizontal  direction  at  the  top  end  of  Uic  I  t  idqe 
pier.     When  the  load  was  200  tons,  the  disjilaceti>ent  was  .about  li  mm.     Tt  is  noted  that  the 
curve  is  essentially  straight,  and  it  can  be  said  that  the  test  was  conducted  within  the 
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elastic  llnlts.    Fig*  S-4  shows  the  load-sngl*  of  slops  encvs.   Tbs  sngls  «<  tlis  slqps  mss 
neasured  at  thrss  points,  that  is,  the  top  of  the  bridge  plmr,  the  top  end  of  the  top  plat«# 

and  the  bottom  of  the  top  plate.    Fig.  5-5  shows  the  distribution  of  strains  in  the  brldgs 
pier.    Fig.  5-6  shows  the  distribution  of  stresses  in  the  sheet  pile  well.     Fig.  5-7  shows 
the  horizontal  response  curve  for  the  top  of  the  bridge  pier.     The  natural  frequency  during 
this  time  was  about  6Hz.    Fig.  5-7  shows  the  vertical  response  curve  for  the  briilge  pier. 
The  natural  frequency  at  that  time  was  about  4.5Hz. 

6«   Joint  charactsristioe  of  sheet  Pils  gonnaatlons 
6-1  Purpose  of  Joint  Strength  Tests 

The  sheet  pile  foundations  ccmsist  mainly  of  steel-pipe  piles  driven  into  the 
ground  to  form  a  circular,  oval  or  rectjmguleur  enclosures,  with  the  piles  being  connec- 
ted with  one  another  by  means  of  joints.     Because  of  this  connection,  their  structural 
characteristics  are  greatly  influenced  by  the  joints.     This  may  be  understood  from  th# 
fact  that  the  use  of  even  the  joints    which  have  very  low  rigidity,  gives  the  founda- 
tion a  rigxdity  far  greater  than  when  no  joints  are  used.     However,  the  rigidity  of 
the  foundation  as  a  whole  is  naturally  smaller  than  when  the  joints  are  the  same  as  in 
the  case  of  the  nain  pipe  piles.     The  analysis  of  such  a  system  taking  into  account 
the  joint  characteristics f  is  obviously  an  important  iten  to  be  considered  in  designing 
sheet  pile  foundatloas.   As  was  discussed  in  Chapter  %,  the  mMat  of  Inertia  of  the 
entire  foundation  Is  evaluated  hy  the  use  of  the  "ooaposlte  efficiency",  and  then 
assunlng  the  foundation  to  be  a  bean  on  an  elastic  foundation,   this  aethed  Is  vsqf 
advantageous,  due  to  its  siiipllelty  when  the  length  Is  sufficiently  large  In  ccsgerleoa 
to  the  dianeter.    However,  as  the  ratio  of  disBBter  to  length  agproadies  1,  it  is 
difficult  to  apply  this  asthod  of  solution.    This  is  because  the  shear  defoeeatlen  of  the 
joint  is  ignomed. 

m  order  to  consider  the  joint  characteristics  in  the  design  of  a  sheet  pile 
foundation,  it  is  neoessary  to  know  the  diear  strength  characteristics  of  the  joint. 
There  are  various  tests  that  can  be  perforwed  to  evaluate  the  shear  strengtii  of  the 
joint.   Two  such  teets  have  been  conducted,  as  will  now  be  described*    In  one  test, 

three  piles  were  connected  in  parallel  and  a  punching  load  was  applied  to  the  Kiddle 
pile  in  order  to  make  a  direct  measurement  of  the  shear  strength  of  the  joint.  In 
another  test,  two  piles  were  combined,  one  on  top  of  the  other  to  form  a  beam  and  a 
load  is  then  concentrated  in  the  middle  thereof  to  determine  the  sheer  chareaterietios 
of  the  joint. 
6-2  Direct  Shear  Test 

As  shown  xn  Fxg.  6-i,  three  piles  were  connected  in  parallel,  with  their  joints 
grouted  with  nortar  and  a  punching  load  applied  to  the  niddle  pile.    This  test  was 
conducted  in  order  to  obtain  the  relationship  between  the  load  and  the  anoont  of 
displacenent  of  the  piles  in  relation  to  eabh  other.    The  sheer  stress  in  Idle  joint 
was  caleulated,  assuning  a  fracture  between  the  eteel  material  of  the  joint  and  Mortar* 
there  are  naay  different  shapes  of  joints.   Used  in  these  tests  were  pipe  typo  and  the 
CT  type  joints,  idiitih  are  shown  in  Fig.  6-2.    the  fractures  considered   are  as  illns- 
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tratsd*  asraning  tiM  fr«cttm  of  the  joints  to  bo   the  ainianiiii  «tea  of  contaict,  between 
the  joint  Mtmriel  end  MMrter.    (The  bond  etrength  of  nortar  Is  sufficiently  snell 
ooepnred  with  the  coopressive  stxength) . 

ThB  results  of  the  tests  conducted  on  the  pipe  type  joint  will  nov  be  discussed 
Relative  to  the  fracture  of  the  pipe  type  joint,  the  shear  strength  per  unit 

length  Q  and  the  shear  stress  per  unit  area  can  be  easily  calculated  by  the  following 

formulas* 


Q  (kg/cm)  -  ^ 


(6-1) 


where I 

D*    Joint  pipe  dltmmtmr  (cm) 
Lt   Joint  pipe  lengtli  (c« 

The  results  of  the  direct  Shear  teet  will  be  graphically  shown  as  the  relation- 
ship between  the  superinposed  load  P«  shear  strengtli  per  unit  length  Q*  shear  stress 
per  unit  area  t  and  the  annunt  of  displaeeMnt  between  the  joints*    The  aaount  of  die- 
plaeeaent  and  defoliation  between  the  joint  end  nortaTf  where  they  are  in  contact  with 
eacih  other »  inoreased  alaost  linesrly  until  tiie  load  readied  about  25  tons.    Thereafter f 
it  inexeesed  sharply  and  rvptursd  When  the  load  %fas  Increased  to  about  50  tons.  This 

cocurred  when  maxisaim  diear  strength  Q  and  waKlmuw  «liear  stress  t  were  about  2S0  kg/cm 

2 

and  5  kg/em  •  reepectively.    The  conpressive  strength  of  the  nortar  which  was  used  to 


2 

grout  the  joints  was  a     -  180  kg/cn  . 

5  2 

Assuming  that  the  mortar's  Young's  nodulus  is  E  »  2.1  x  10   kg/cn  ,  the  nodulus 
of  rigidity  of  tha  standard  aortas  G  therefore  is  as  follows; 

*\vivt  2(l-»i) 

However,  frosk  the  test  reeults,  the  andulus  of  rigidity  6*  can  be  calculated 
using  the  shear  stress  per  unit  area  t  and  the  enount  of  dlsplae«B«nt  of  the  joints 


-  T/Y  -   M   -  2.47  X  lo'*  kg/cm^  -  r^j  (6-3) 

lxl0"V24.7 

Frosi  this  result,  it  can  be  etated  that  the  andulus  of  rigidity  of  the  joints 
is  oonsidsrably  lower  then  the  modulus  of  rigidity  of  the  nortar, 
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As  illustrated  in  Fig.  6-4,   two  piles  were  combined,  one  on  top  of  the  other,  with 
the  joint  grouted  with  mortar  to  form  a  beam.     A  concentrated  load  waa  then  applied  in  the 
middle  of  the  be>i:ii,  which  was  freely  supported  in  the  bfsndtng  shear  test.     Ten  sut;h  tests 
were  conducted.     Various  shapes  of  joints  were  used  in  the  teat,  but  consisted  primarily 
o£  the  pipe  type  joint  aztd  the  CT  type  joint,  %ihich  tnxm  also  used  in  the  diraot  8h«az  test. 
The  resoltB  of  only  one  of  the  tests  will  be  given  herein   doe  to  space  llnitetloa.  The 
reletionship  between  the  sheer  stress  in  the  joint  and  the  rete  of  decrease  in  the  shear 
stress    for  tiie  condition  of  e  rigid  connection  is   obtained  fron  the  test  results,  there- 
fere  #  •  wthod  tiiiidh  gives  such  e  relationship  obtained  froR  the  loed-stndn  curve  and  e 
■othod  of  obtaining  the  infomatlon  froK  the  load-strain  distribution  in  relation  to  the 
shear  strength  transaission  ooefficient  a  will  be  presented. 

(1)  A  Method  of  Obtaining  the  relationahip  fron  the  Load-strain  Curve 

the  shear  strength  transaiasion  ooeffioient  a  is  defined  as  follows  t 


rOcg/em^)  «  ar'         (0  ^  a  ^  1) 


(6-4) 


in  which  T  is  the  joint  shear  stress  In  t^ich  the  rigid  connections  are  iB^rf*c't« 

•nd  T'  is  the  joint  shear  stress  between  the  two  pilee  with  rigidly  connected*  The 

Moent  of  inertia      would  be  as  followsi 
o 

lo  =  21'  +  2A'(-^)-  i  -|-  A»d*  (6-5) 

where: 

2 

A' :     Sectional  area  of  a  sheet  pile  (cm  ) 

Iftien  a  concentrated  load  P  is  iinposed  in  the  middle  of  the  beam,  tha  deflection 
of  the  centerpoint  6  can  be  obtained  as  foUowst 
i)  a  ■  O  (Mo  joint  oonnection) 

96  EI'  <^«> 
ii)  a  -  1  (Perfect  rigid  joint  connection) 

'  "  48 

iii)  0  <  a  <  1  <lHperfect  rigid  joint  connection) 


tea  «  —r  


2  "o 
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FroM  tfa«  •qvilibriu*  of  MMnt 


dM 


(6-8) 


At  this  tine,  the  deflection  of  the  center  point  is 


6  = 


-a 


(6-9) 


48  EI' 


Vhe  joint 


■trength  Q  is 


•a 


(6-10) 


Thus,      can  cbtitia  eh«  relations  of  P»  <  and  a. 

(2)  A  Itethod  of  obtalnlag  tho  RalatlonBhlp  from  the  Load-strain  Distribution 

AaouBln?  tMO  ovoss  sactional  strain  distributions  of  the  eonvosite  besM,  that  ia# 
nlMn  the  joint  is  imperfectly  oonneatad  and  idten  the  joint  is  pacfeetly  oonnected^  the 
joint  shear  strengtti  Q  and  the  shear  tranamisslM  oosf fioisnt  o  can  be  obtained  as 

fOllOHBl 


f;  SiiriNtotecMor 

OOflMCSM 


8«nl»  la  «m  CNteTFetet 
'  joiMcoaMeitoa 


Fi9.  6-S  Strain  Distribution 


(6-ll> 


a  is  dateminad  f ran  the  strain  distribution  is  defined  as  follows 


VII-21 


Digitized  by  Google 


.-I 


{6-12} 


As  shovm  above,  the  shear  strength  tramsmias ion  coefficient  a  can  be  obtiaacd  by  two 
different  methods  from  test  results. 

the  bmding  tast  la  llluatiatad  in  Fiff.  6-6.    in  this  tMt,  th«  joint  was  a 
pipe  type,  and  tiia  ralativa  aiaa  of  the  joint  for  the  oain  pile  is  largar  in  oonpariaon 
to  an  actual  stiaet  pila  foundation.    Tha  tast  results  are  given  in  Pigs.  6-7  through 
6-11.    Pig.  6-7  ahoHS  the  load-oantral  daflaotlon  curve.    It  is  seen  that  the  aoveri" 
■ental  curve  is  aBproociaately  nidiiay  betkMen  the  calculated  values  f  in  the  ease  of 
rigid  joint  conneation,  and  of  no  joint  ceaneetlon.   Nhen  the  steel  naterial  begins  to 

2 

yields  (the  stress  is  idbout  2400  kg/ca  ) ,  the  deflection  increases  suihstantially  oo*' 
pared  to  an  increase  in  load.  Pig.  6-8  ahows  the  load-deflection  in  the  axial  direo- 
tion  of  the  pipe.    The  values  are  Measured  to  tiie  left  and  right  of  the  eupports. 

ta 

Pig.  6-9  shoMS  the  load-strain  distrihution  at  a  point  1  m  away  fron  the  center  point. 
When  the  load  is  smll*  the  strain  distribution  is  sudi  that  plane  bearing  occurs  but 
as  the  load  increases  r  the  cqpper  and  lower  piles  gradually  begin  to  shew  an  indspaodaot 
strain  distribution. 

The  relationship  between  the  load  and  the  shear  strength  transmission  coefficient 
is  shown  in  Fiq.  6-10.     The  solid  line,   in  this  fiqure  represent  what  was  obtained 
from  the  load- rain  curve  given  in  Fitj.    0-7.     The  broken  line  tejjr osc-n I u  what  was 
obtained  from  the  load-strain  curve  given  in  Fig.  6-9.     These  two  lines  should  agree 
with  each  other,  but  actually  are  wide  apart    from  each  other. 

Apart  from  the  above-mentioned  test,  ten  other  types  of  tests  were  conducted, 
and  will  now  be  described. 

Mhen  the  joint  was  not  grouted  with  BOrtar,  the  strain  distrxbution  showed  that 
tiie  upper  and  loifer  piles  fadwved  as  an  alaost  perfect  single  body.    Bwinatlon  of  the 
load-strain  curve   shows  that  tiie  experiamital  values  are  roughly  in  agresnent  with  the 
calculated  valnea  for  the  case  irtien  there  is  no  rigid  joint  connection. 

Hone  of  the  tests  Showed  the  results   in  which  the  two  load-shear  atrength  trans- 
■dssion  ooefficient  curves  were  nearly  in  agreenent  with  each  other  #  but  the  tso  curves 
were  considerably  wide  apart  froai  each  other.    There  seens  to  be  a  tendency  that  the 
shear  strength  transnisaion  coefficieot«  which  was  obtained  fron  tha  load-strain  curve  f 
is  snaller  than  the  actual  value.    The  average  of  the  load-shear  strength  transmission 
coefficient  curves*  obtained  by  the  tests ,  is  represented  by  the  curve  ahown  in  Pig. 
6-11.    To  obtain  this  curve*  iAtm  shsar  strength  of  the  joint  (the  shear  strengtii 
when  the  joint  is  rigidly  connected)  was  obtained   asauning  a  joint  fracture  and  it  was 
r^laced  by  the  load. 
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_r^ew  Approachea  to  StnictMral  Analysis  for  Horizontal  Baaiatanoa  of  the  she»t  Pile 

Foundation  ^ 

7-1  Linear  Interpolation  Method ^^^^^^ 
(1)  Method  of  Analysis 

The  method  of  analysis  to  be  used  is  based  on  the  curve  given  in  Fig.   6-11  which 
was  obtained  in  the  preceding  chapter.     The  analysis  of  the  sheet  pile  foundation  with 
rigidly  connected  joints    is  obtained  by  U.L.  Chang's  formula.     This  formula  is  obtained 
by  the  yroup  of  piles  method    when  the  joints  are  not  connected.     They  are  linearly 
distributed  by  the  shear  strength  transmission  coefficient  and  thus  the  obtained  values 
are  tak«n  as  the  analytical  solutlcm  of  the  thettt  pile  foundation. 

Khls  value  of  a  le  detezmined  from  Pig.  6-11  fay  obtaining  the  joint  ehear  stress 
when  the  joint  is  assusMd  to  be  rigidly  connected. 

The  section   forces  of  tiie  sheet  pile  foundation  when  horiaontally  loaded  can  be 
obtained  as  follaws. 

(i)  Saetion  forces  when  the  joints  are  rigidly  connected 


<7-l> 


where: 

4 

It    Moment  of  inertia  of  the  entire  sheet  pile  (cm  ) 

4 

1^:     Moment  of  inertia  of  an  inrlividual  pile  (cm  ) 

A.  :     Sectional  area  of  an  individual  pile  (cm'^) 
1 

y.:    Distance  from  the  centroid  of  the  whole  piles  to  the  centroid  of  the  i-th 
^     pile  (on) 

The  section  forces  of  the  whole  piles  at  an  arbitrary  point  is 


(7-2) 


Thm  bending  nonent*  axial  force  and  shear  strength  of  an  individual  pile  at  an 
azbitraxy  point  are 
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(7-3) 


where  :  U  i 

z 


(il)  Seetlen  vorcM  Mma  iOm  Jeiata  Ar«  Not 

Mudysl*  slMll  b«  sad*  by  tte  us*  of  tlM  gxoiv  dl«piM« 
analysis  can  be  nde  by  detenalnlng  tbs  feetlag  displaoenent . 
If 


*  4 


(7-4) 


we  obtain 


nK. 


0 
0 


-Mr. 


A/. 


(7-5) 


H«iiies  «•  can  dataiaiiM  tha  Motion  foKOM  of  an  individual  pilo  at  an  axbitraKy 
point  fren  th*  valua  of 


PB 


tl  •  0 

S„  i- )         ^  (oo./,i  - aiii/,«)  -  S#/Jr,«,inj9,«  ) 


(7-6) 
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(7-7) 


(lii)  Ssctlra  Foreas  tlh«n  the  Joints  artt  Ivpttrfsctly  Connected 

Hie  section  forces  can  be  obtained  by  the  use  of  a,  and  tJnis  linaarly 
distribate  the  section  forces  of  an  individual  pile  at  an  ai^itrary  point  i4iieh 
have  been  detemined  by  (i)  and  (il) . 


S.  =a5 


(7-8) 


In  this  case,  where  the  linear  interpolation  method  is  used,   the  shear  stress  of 
the  joint  is  needed  for  determininc;  u  and  it  is  necessary  to  take  a  representative 
value  at  ti'.G  section .     In  determining  the  representative  value,  a  value  o£  2/3  of 
the  maximum  shear  stress  is  assumed,  and  the  sectional  shear  flow  is  distributed  in  a 
parabolic  form. 

(2)  Canearlson  of  the  Measured  Values  and  the  Analytical  values  of  Stress  Intensities 
in  the  Body  of  a  Sheet  Pile  Foundation 

A  conparative  study  of  the  Mssured  and  analytical  stress  intensities  in  the 
sheet  pile  foundation  i««s  nade.    The  analytical  values  were  obtained  Iv  we  of  the 
anthod  9iven  by  the  preaent  apaoification        (tMO  nsthoda  using  the  oosposite 
efficiencies  Of  0*5  and  1.0}  t  the  group  pile  nethod*  and  abovenentloned  linear  inter- 
polation nethod  giving  a  total  of  four  methods*    The  coiparlsan  of  these  are  sboun  in 
Figs.  7-1  and  7-2.    In  Fig*  7-1  the  horizontal  force  is  160  tons  snd  in  Fig.  7-2  it 
is  25-  tons*   Apart  from  these  values  *  the  analytical  values  are  coefiared  with 
the  measured  values  for  the  four  cases.   Fron  such  results »  It  can  be  said  that  the 
linear  interpolation  method  produces  values  considerably  close  to  the  neaaured  values. 
7-2  Analysis,  With  Consideration  of  the  Ralativa  DiaplaeeMSnt  of  Piles 
(i)  Derivation  of  the  Basic  Formula 

A  model  is  assumed  as  shown  in  Fiq.  7-3    to  represent  the  deformation  under 
a  load.     When  the  structure  is  detomed,   the  plane  A-A  becomes  stypp^d  as  illus- 
trated   due  to  the  relative  displacement  of  the  piles.    Hare  the  following 
asiiumptions  are  made; 

(1)  The  intersections  of  the  plane  A' -A'  and  the  center  lines  of  the  piles 
are  on  a  plane  B-B.    This  makes  it  possible  to  treat  the  entire  bahavlor  of 
the  model  in  the  sane  manner  as  a  beam  std>jected  to  a  shear  defccmatica* 

(2)  The  shear  deformation  of  the  piles  is  ignored. 
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The  basic  formula  is  derived  on  such  assumptions.  If  U)«  ■iiBpla^Wlwnt  o£  W 
pile  at  an  arbitraxy  point  is  represented  by  u  and  w,  ori  ) 


u^,  w^:    Ooqpomnts  of  di^lap— nt  la  it  and  Z  diz«ctiena 


i   Dif  f erantlatloii  for  S 


The  ooordinate  myntom  is  ahom  in  Fig*  7-4* 

Ihe  direct  strain  e_  and  tha  ahaar  atrala  ara 


(7-9) 


<7-10) 


O 


The  fozvula  of  aqttlUbrim  la  darlvad  f roai  tha  prlaalpla  of  virtual  work  aa 
followa. 

(7-11) 

q      t   Gbcouad  raactlop 

t   DlatriJMitad  axtamal  foraa  working  la  dlraetloB 

Surfaoa  force  aorklng  in  8  and  x  diractloo  at  tha  aaotlona  of  botii 


:    X'direction  component  of  the  ouftMaxd  unit  aotaal  liaa  vaotor  of  tha 
sectlona  of  both  ends 

Vranafornlng  tiia  aquation  (7-11) ,  tiia  dlf faraatial  aqnationa  of  aqvlllbritta 
eivraasing  di^laeanuit  can  ba  fil»talaad  aa  foUovat 


iBAmly  =.0 


(7-12) 
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1*1  Moneflt  of  inertia  at  the  gravity  center  due  to  the  axial  teroe  of  pile 
Ip:   Total  of  BnMnts  of  Inertia  of  all  piles 


If  the  displacement  9  is  eliminated  from  the  equation  (7-12} ,  the  following 
differential  equation  of  equilibrium  with  respect  to  the  displacement    is  obtained; 


EI*  El* 


(7-13) 


(ii)  Selection  of  Modulus  of  ElasLicity 

The  modulus  of  elasticity    E  is  assuwed.   2.1  x  ic''   (t/cm2)   for  steel. 
The  shear  modulus  of  rigidity  is  assuined  using  a  model  as  shown  in  Fig.   7-5.  The 
shear  modulus  of  rigidity  is  obtained  using  the  average  elastic  shear  deformation 
of  the  joints  for  the  entire  piles.     If  the  shear  deformations  of  the  joint  and 
the  main  body  of  pile  are  represented  by  Y    and  y  ,  respectively,  then; 

C  8 


(7-14) 


whexes 


Shear  nodulos  of  rigidly  of  naterlal  of  the  joint 


G^:    Modulus  of  rigidi'^  of  whole  pile 


^e  eqMivalent  Bhaar  aodulus  of  rigidity  6  can  be  deteEndned  by  the  use  of 
the  «qMatloa  (7-M)  follomt 


(7-15) 


(lii)  Application  of  a  Simple  Case 

An  application  is  made  relative  to  an  experimental  specimen  as  illustrated 
in  Fig.  7-6.    The  joint  is  grouted  with  cement  paste,  because  the  model  is 
small  is  size.    There  are  two  moilels,  one  of  them  uses  three  piles  and  the  other 
six  piles.     The  model  is  assumed  to  be  placed  in  the  air,  and  the  pile  heads  are 
hinged  and  the  bottoms  are  rigidly  connected  and  a  horisontal  load  is  applied  to 
the  head. 

In  obtaining  the  general  solution  to  the  equation  (7-13) ,  if  the  spring 
constant  of  the  ground  k  is  o  and  the  x-direction  distributed  external  force 
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Is  Ot  the  equation  (7-13)  e«n  b«  r«Mritt«n  m  follOMSi 


(7-16; 


iStft  ganaral  aolutlon  to  the  eqaatloii  (7»14)  Is 


(7-17) 


The  boundary  condition  for  the  hinged  head    is  obtained  by  assuming  it  to  be 
in  the  vertical  and  horizontal  directions  and  rotation.    The  angle  of  rotation 
at  the  end  of  pile  and  for  the  pile  as  a  whole    are  not  tho  same,  because  the 
piles  are  displaced  in  relationship  to  each  other.     From  such  boundary  conditions* 
the  unknown  constants?  C  ~C    can  be  obtained  by  solving  the  six  simultaneous 
equations  qivon  in  Table  7-1. 
(iv)  Calculation  Results 

the  displacement  of  the  pile  head  and  the  stress  In  the  pile  body  were 
calculated  by  varying  the  Shear  oodttliw  of  rigidity  of  the  joint.   The  following 
moduli  of  rigidity  were  used. 

(G)  Gc  ■  Gsi     The  equivalent  shear  modulus  of  rigidity,  when  tioa  aactio'n  o£  thm 
joint  is  assumed  to  be  made  entirely  with  steel 

{Q)  G  ~  °°    :     Inianxte  shear  modulus  of  rigidity,  that  is,  the  shear  modulus  of 

rigidity  when  there  is  no  dlsplaoanent  of  the  piles  in  relationship 
to  each  other 

(eq^ilralenlt  Q)  t   The  shear  aadultts  of  rigidity  cdbtaiiisd  hy  vetfaod  <iii) 

In  Fig.  7-7  the  ratio  of  (equivalent  6)  to  (6)  Go-6s  is  plotted  on  the 

horlsontal  axis  and  ratio  of  (u  )  to  (u  )  6  -  «■  on  the  vertical  axis.    If  the 

o  o 

damping  rate  for  Ge  (shear  modulus  of  rigidity  of  the  cemsnt  paste)  is  tdten 

at  1.0*  the  «bscissa  would  be  0.45.    Also  y  /(v  )  6  •  «•  would  be  1.02*  1.07S» 

o  o 

1.080  and  1*375  when  N  (nunber  of  piles)  -  3  (C*1.61Sn)*  M>3(i-0.7n}  and  SH6 

(iB0.7B).    The  bond  rigidity  of  the  oement  paste  and  steel  ■atsrial  is  taken 

as  0.3  of  the  shear  rigidly  of  the  oaamt  paste.    Then  (equivaJLent  6)/(e9uiva]mat 

G)  Gs-Gc  would  be  0.19.    thus*  froat  Fig.         v  /(v  )  6  •  ■  would  be  1.02S« 

o  o 

1.110,  1.125  and  1.575,  respectively. 
7'»3  Analysis  with  r - i         :      o f  the  Bending  and  shear  Deformations 

(1)  Derivation  of  Basic  Formula 

A  model  is  constructed  as  shown  in  Kiq.   7-8,  whic'n  repref^ents  a  sheet  pile 
foundation  structure.    Assuming  the  entire  piles  to  be  an  integral  bean,  the 
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basic  fmnnula  is  darivad  by  taking  into  considaration  tha  boiding  and  abaax  dafor^ 

ations . 

The  displacanant  of  pile  at  an  arbitrary  point 


I 


m  =.1 

(7-18) 


The  direct  strain       and  the  shsax  Strain  Y  _  can  be  obtained  by  use  of  the 
z  xs 

equation  (7-16)  as  follows 


(7-19) 


FEon  the  prineipla  of  virtual  workf  tb«  aquation  of  q^llibrium  can  be  obtained 
as  follows 


(7-20) 


From  the  equation  above,  the  differential  equations  of  equilibrium  expressing 
displacement  can  be  obtained  as  follows} 


-  'r:  0 


(7-21) 


If  the  displaoenaAt  8  is  ellninatad  fron  the  equation  (7-19) ,  the  following 
dif  f arantial  aquation  of  aquilibriim  in  relation  to  the  diaplaeevwkt  ia 
obtained r 


•  •        •  (7-22) 
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(U)  Application  of  a  Simple  Case 

Application  of  these  equations  is  made  relative  to  an  experitriental  specijMi, 
as  illustrated  in  Fig.  7-6.    The  shear  rigidity  of  the  joint  is  determined  by 
use  of  equation  (7-15) .     If,  in  equation  (7-22) ,  the  spring  constant  of  th« 
ground  kisO' and  the  x-dlrection  distxibutad  external  force  P    is  0. 


(7-23) 


The  general  solution  will  be 


(7-24) 


ttoN«veT#  the  anknaim  eonetanta  -  ean  be  oibtalnad  fxon  the  boundary  oondl- 
tiona  as  follow* i 


c,  =  o 


2£/ 


IL 
OA 


GA 


<7-25J 


(lil)  caleulated  nastatsf 

In  Figa.  7-9  and  7-10,  %    *  Go  (  «•  la  dasplng  rata)  la  plotted  on  the 
hpgiaontal  axla  and  the  horliontal  dlaplaoaMnt  of  pile  head  on  tiie  vertical 
axis.    A  oaatparlson  is  then  nade  of  these  results  by  taking  into  oonsideratlon 

the  displacegsent  of  piles  in  relationship  to  each  other.    Fiq.  7-9  shows  a  case 

in  which  there  eure  six  piles  and  the  pile  length  is  1.615  m.    Fig.  7-io  shows 
a  case  in  which  there  are  the  same  number  of  pilej;   (6)  ,  but  the  pile  length  1« 
0.7  m.     From  these  results,  it  may  be-  said  that  the  two  methods  of  analysis 
produce  little  differences «  relative  to  the  horizontal  displacement  o£  pile 
heads. 

Fig.  7-11  shows  a  comparison  of  the  stress  distribution,  a.s  obtained  by  the 
two  raethods  of  einalysis.     It  can  be  said  that  the  two  methods  procude  great 
diffMrenee*  with  regasd  to  tte  distribution  of  stresses.    Bxainination  of  the 
distribution  of  streeses  ■eeaiired  in  the  la-site  teatSf  it  nay  be  said  that  the 
analysis  iHhen  taking  into  oonsideratloii  the  dl^aosMsnt  of  piles  in  relation 
to  each  other   ahoMS  a  better  appxoKiaatloik. 
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e.   Vhm  Probliwi  to  b«  SolvJ  in  the  Ftttw 

The  meVbod  of  desi^k  of  sheet  pile  foutidations  has  been  established.   However »  this 
type  of  fonndatioB  can  have  a  wide  range  of  dlvensians#  thus  ttee  design  of  the  structures 
ufling  the  existing  method   may  not  be  adequate    to  cover  such  a  wide  range  of  designs  of  the 
sheet  pile  foundations.    Studies  of  the  structural  characteristics  of  sheet  pile  foundations 
have  just  been  initiated  with  an  ultimate  view  of  establishing  better  design  Standards. 
The  following  subjects  of  study  are  being  considered; 
<1)  Structural  characteristics  of  a  Sheet  Pile  Foundation  as  a  Unit 

(i)  Construction  of  mechanical  models  and  studies  of  the  theoretical  formulas 
(11)  Con^rison  of  the  theoretical  formulas  and  the  results  of  loading  tests 
(displacements,  stresses,  spring  co;,a' ar.Ls ,  Uari.pi;.-j) 
(ill)  Experimental  Investigation  of  the  ultimate  yield  strength  and  rupturing 
condition  (including  torsion) 
(2)  Characteristics  of  Some  Specific  Parts  of  Sheet  Pile  Foundations 
(i)  Evaluation  of  the  rigidity  of  the  joints 
(ii)  Investigations  of  the  joint  connections  of  the  top  plates 
<3)  Oofftad-  TWO 

(i)  Investigations  of  the  stxesses  in  the  oofferdan 

(ii)  Investigations  of  the  weldnbility  and  strength  in  the  presence  of  residual 


stresses 
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Table  2-1  Dimensions  &  weight  of  steel  pipe  pile 


Outer 

dia- 
meter 
mm 

Thick- 
ness 

mm 

Section 

area 

2 

cm" 

Unit 
weight 

kg/m 

Moment 

of 

inertia 

T   ~  2 
I  cm*^ 

Section 
modulus 

3 

Z  cm 

Radius 

of  gyra- 
tion of 
area  i  cm 

Outer 

surface 
area 
m'  im 

9 

167. 1 

131 

730x1 02 

243x10 

20.9 

1.88 

12 
14 

221,  7 
257.  7 

174 
202 

958x10- 

«  4  a  4  /^iJ 

111x10'^ 

320x10 
3d9x1U 

20.  8 

20.  7 

1.88 
1.88 

16 

* 

293,6 

230 

125x10'' 

418x10 

<SA  9 

20.  7 

4  no 

1.  88 

9 

195.4 

153 

UTxicr' 

333x10 

21.  1 

2,  20 

700 

12 

259.4 

204 

154x10"^ 

439x10 

21.3 

2.20 

1  A 

9*1  7 
1 

1  f  n  X 1  *  1 

t;n7v  1  n 

r>i  J  /  X 1  u 

9  1  1 
S  I,  o 

9  9n 

Id 

O  7  A 

'i7i'wi  n 
3  <  axiu 

91  9 

9  9n 

A.  Ail 

9 

227.3 

176 

184x10^ 

452x10 

23.4 

2.55 

812.8 

12 

301.9 

237 

242x10^ 

596x10 

28.3 

2. 55 

14 

aal.  a 

4an»4  a3 
ZoOXlO 

D8IIX1D 

2.  99 

16 

400,  5 

314 

318X10" 

VdZXIO 

28.  2 

9 

340.  2 

267 

346x10'^ 

756x10 

31.9 

2.87 

914.  4 

Til 

401 yI n3 

^1  ft 

9  ft7 

14 

451.6 

354 

446x10^ 

997x10 

31.8 

2.67 

16 

534. 5 

420 

11 70x1 0^ 

117x10^ 

31.7 

2.87 

9 

378.  5 

297 

477x10^ 

939x10 

35.  5 

2.  19 

12 

440.  7 

346 

553x10^ 

109x10^ 

35.  4 

2.  19 

1016 

14 

502.  7 

395 

628x10^ 

124x10^ 

35.  4 

2.  Ill 

16 

595.  1 

467 

740x10^ 

146x10" 

35.2 

2.19 
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CM 


a 


eg 
I 

CM 


(9 


Section  modulus 

>^ 

N 

o 
in 

00 

2,670 

17,  000 

54,  800 

Weight 
kg/cm  1 

One 
piece 

18.  0 

Section 
area 
cm^ 

One 

piece 

22.  99 

Dimens- 
ions 
mm 

CO 
•»-> 

CM 

to 

CM 

.Q 

co 

;inof 

Weight 
kg/m 

One 
sheet 

o 

CO 
ft 

O  N 

O    0)  o 
0)   t-  " 

t/i  C8 

One 
sheet 

165.0 

Dimensions 
mm 

CM 

13.5 

i-t 

o 

f-t 

JS 

o 

1-1 

CO 

o 

m 

o 

CM 

tc 

00 

Kinds 

YSPB 
-74 

1 


I 


M4J  U3 


E 

cn 

.2  o 

o 

a  » 

- 

o 

6 

H 

o 

s 

o 

c  g 

o 
o 

Mom 
ertia 

00 

•S 

CO 

0) 

c 

ca  c 

1* 

•2  E 

CM 
O 

m 

CO 

£ 

• — 

CO 

o  o 

o 

— <  _ 

o 

■«-*  w 

(O 

m 

CO 

o 

£ 

E 

fi 

C  CJ 

o 
o 

M 

o 

E  - 

CM 

in 

1^ 

in 

CO 

CD 

U 

E 

CO 

.2<N 

• 

TP 

E 

S  u 

C/3 
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TabU  2-S 


allowable  stress  Intaiiiiiy  (  kg/cm  ) 

88   4  1 

88  »0 

8M  SO  A 

1    axial  tcnjUe  s(rc'.!  ir.!!>nrity 
(per  all  section  jicj) 

1.400 

1.700 

1.009 

2.  axiai  compression  stress  intensity 
(per  ID  Mctioa  area) 

compressive  memben 

/  -  length  of  members 

T  ■  aactioaai  ladius  of  dl  croH 

section 

compreaiva  adtted  member 

IJ0O-O.a8(</r)* 

».2Q0.(^<^^/r)' 

0<//r^lOO 

l.G0O-0ti9(//r)^ 

//r>100  , 

7.200.000/(^/rr 
1.  600 

0<//ri»0 
l.«00-t).ll«/r)' 

7.200.000/(//r) 
1.800 

3.  bending  stress  intensity  tensile  fibre 
of  beam  (per  all  section  area) 
compressive  fibre  of  beam 
(par  aQ  tactioo  area) 
#  •  dbtaiMt  batwecn  Axad  potatti 

of  flange  (cm) 
b  *  width  or  flange 
la  Alia  case  beam  with  being  fixed 
dupiaaiiw  flaaia  diiecily  by 
■dofofoad  concrala  4aek  aad  10 
fecih 

1.  400 
IJ0ti-04( 

whaie  t/ii,30 
1.300 

1.600 

1.600-0  9(  //A)' 

where  ^/A^30 
1.600 

1.900 

I.t<00-1 

where  j^30 
t.«00 

4.  members  for  axial  compmaiva  kiad 
and  bending  moment 
whose  mamban  muat  la  calcdalad 
by  foniNilat  to  be  iNa  balow. 

Am  IhuMSm  aliAiit  harluiiilil  ucb 
fbr  bacUiiv  alboiit  vaitieal  ndi 

P     M  •».! 

-  +  —  ye  

1  1.300 

/•  M 

—  +  —  jfe  &«*aa 
^,  ' 

—  +  —  >*  

A      1  1.600 

10  left 

p    m  «fi 

X  /  I.MO 
lolaft 

Table  2-4 


basic  type 

section  shape 

number  of 

fovindations 

treatment  of 

well  type 
pronged 

♦vDC 

1 

circular  oval 
oval  rectangular 

other 

ato^e 

complex 

grouting  mortar 

welding 

no  treatment 
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Table  3-1 


kinds  of  piles 

&  grounds 

kinds  of 

times  in  loading 

bearing 
pile 

friction  pile 

good  sandy 
stratum 

other 

normal 

3 

3 

4 

erarthquake 

2 

2 

1- 

3 

Table  3-2 


1)  well 

2)  pronged 

i)  distance  bet- 
ween each 
prong  over  2.  5D 

ii)  distance  between  values  smaller 
each  prong                between  (1)  and 
under  2.  5D  (2) 

(I)  same  to  2)  i)   1  (2) 

L 


r 


A, 


H  =- 
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Table  3-3   CompMlte  elllcieneie« 


Kinds  of 
sheet  piles 

Troatment  ok  joint 

Composite 
efficiency 

KefnarxB 

Filling  with  concrete  in  part 
of  flange  with  dowel 
connectors 

1«  00 

FilUnf  with  eonorete  In  all 
aeclioii 

!•  00 

« f'jt  t 
*  fr-  "  *  * 

H- 

shaped 

Filling  with  concrete  in  part 
of  flange 

!•  00 

WeUinc  90  em  port  of  joint 

0.40 

Fixing  the  bead 

0.40 

Steel 

Grouting  mortar  and  fixing 
the  head 

0.  50 

pipe 

Fixing  the  head 

0.30 

Table  3-4 


modulus  of  deformation  of  ground  by 
the  foUowing  teste  (kgfvtfi) 

a 

Normal 

earthquake 

a  half  of  the  Eq  obtained  by  the  plate 
loading  test  using  a  30  cm  diameter 
disk 

1 

2 

the  Eq  measured  inside  a  boring  hole 

4 

8 

the       obtained  by  the  unconfined 
compression  test  or  the  triaxial 
compression  test 

4 

8 

the  Eq  estimated  by  Eq=28Nj  the 
N-valve  obtained  by  the  standard 
penetration  test 

1 

2 
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basic 
type 

well 

pronged 

well 

pronged 

length 
of  joint 

14.  000 

12.  500 

33. 700 

22.700 

26,  000 
16.  000 

1 

6.  500 

33, 000 

30,  000 

type 

type  of 
joint 

pipe 

r 

pipe-T  ^ 

pipe 

= 

pipe-T 

coffering 

z 

no 

closing 

te 

B 

1 

be 
c 

°« 

c 

u  a 

numbc 

of 
foundal 

ID 

a> 

CO 

CM 

^ 

CM 

CD 

:ale  of  work 

dimensions  of 
steel  pipe  pile 

762x9x27, 000 

914.  4x12.7 
x24. 000 

914. 4x12x35.  000 

o 

r- 

00 

CO 
Ol 
X 

CM 

y 

O  O 

o  o 
o  m 

^  r- 
X 

b 
o 

CO 

914.4x12.7 
X13.900 

o 

e 
in 

t" 

en 

X 
X 

C: 

800x12x32.  000 

i 

15. 727x20. 376 

basic  sections 
dimensions 

6  13.  000 

« 

o> 

M 
p* 

i  12. 726 

13,946x5.  811 

*— » 

CO 

o 
o> 
-« 

12. 560x9,  620 
10,600x7.  660 

12, 110x4,  010 

7.581x14.  527 

11.  658x3.710 

date 

t 
o.  m 

r- 

«S 

46.  12 

46.  12 

46.  12 

47.  7 

47.  10 

! 

47.  11 

47.  12 

CO 
T 

location  of 

work 
(prefecture) 

Okayama 

Tokyo 

8. 
to 

Miyagi 

Okayama 

Osaka 

Miyagi 

orderer 

Okayama 

Highway 

Public 

Corporation 

Tokyoto 

Bureau  of 
Kyushu 

Bureau  of 
Tohoku 

e 
« 

« 

s 

c 
« 

E 

rt 
*.^, 

nl 

0 

Osakashi 

c 

oa 
m 

X 

name  of 
work  (bridge) 

Yoshii 

Mizushima 

Saidaiji 

Ariake 
Quay 

Hazenoura 

•  M 

-'^  .s 

Shln- 

kitakami 

Gokelda! 

« 
S 
c  J 
2  0 
*  S 

u  8; 

E 

CO  J« 
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I 


basic 
type 

^1 
• 

» 

type 

length 
of  joint 

41,  000 

12.  700 
34,  700 

26. 500 

41,  000 

6.  000 

30.  000 

1 

35,  800 

type  of 
joint 

pipe 

pipe-T 

- 

a 
a 

•o 
c 

pipe 

type 

i 

coffering 

no 

closing 

1 

coffering 

no 

closing 

1 

coffering 



scale  of  work 

number 
of 

foundation 

CM 

0  =5 
B  Q- 
R  4, 

.2  0. 

i- 

tj  IB 

914.  4x14x44,  000 

o  o 
o  o 
o  o 

to  ^* 

CD 

X 

1^ 

X 
CO 

o 

o 
o 

o 

00 
CM 
X 

■<r  CM 
^  »-i 

X 
(O 

o 

(O 
X 

CM  O 

.  o 

03  m 

CM  CM 
X 

O 

o 
o 

CO* 
X 

o> 

X 

CO 

o 
in 

IS  CN 
.-  "  O 

X  © 

go  O 

e»j  o* 

00  X 

o 
o 

o 

00* 
m 
X 
<o 

X 

T 

Oj 

basic  sectional 
dimensions 

CO 

to 
to 

o 
o 
t- 

fH 

X 

o 
o 

CM 

tn 

13,  100x9,  700 

26.058x14,322 

in 
o> 

er> 

o 
o 

CM 

^  8. 110 

6  8.  344 

* 

M 

•H 

X 
r- 

Oft 
«D 

n 

35,  288.  5x13,35 

date 
of 

.  r- 

49.  3 

tn 

m 

49.  11 

49.  12 

50.  I 

location  of 
work 

(prefecture) 

Tokushima 

Chiba 

Chiba 

Osaka 

o 
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Introduction 

In  the  event  of  a  major  seismic  disaster,  highway  networks  should  perform  thexr  dutt#» 
to  facilitate  evacuation,   rescue  and  recovery  operations  with  a  miniinuin  loss  of  life  and 
property.     In  such  a  case,  bridges,  viaducts,  etc.  which  constitute  important  parts  of 
highways,  would  decide  the  fate  of  each  route  of  a  highway  network.     Therefore,  th#  •tXttC- 
tural  safety  of  th^se  structures,  against  earthquakes,  are  extremely  important. 

In  1966  the  Ministry  of  Construction  corosjissioned  the  Japan  Road  Association  to  draw 
up  a  new  conprehensive  specification  for  the  earthquake-resistant  design  of  highway  bridges, 
and  aoooxdlngly  provide  naxinuin  protection  against  earthquakes  at  nininuiD  cost.    la.  raspoos* 
to  the  iiKwiiwInii,  th»  Japan  Aoad  taaoolaticn  MtdillBhid  &  special  ooonlttna  to  dttvalap 
thus  n«r  ap«clflcationa«  idiich  irara  oeivlvted  In  Jannazy  1971.   Itie  J««pan  Road  Aasoeiation 
iaaiadiatBly  raportad  to  the  NlnlBtxy  of  Oonatruetion*  nho  then  notified  the  hl^^nny  adBin- 
istrative  organisation  of  these  specifications,    these  ^ecifications  were  then  issued  ae 
direetivee  of  the  Road  and  Ci^  Bureau  on  standards  for  bridges  and  viaduete  in  Mareb  1971. 

i!he  directives  issued  are  svvplenents  to  Atticle  5  of  the  Ministry  of  Gonstructiaii 
Ordinanoe  for  the  enforcenent  of  tbm  Road  Structure  Ordinance^  which  ia  a  goveninuital 
ordinanoe.   The  legal  oonditione  of  this  ordinance  is  as  follows t  The  Road  Structure  Ordin- 
anoe ia  in  force  and  oonforna  with  the  Road  iMt.    Article  30  of  the  Road  uw  provides  that 
technical  atandards  for  bridges  and  other  principal  atrueturea,  whicAi  are  designated  by  a 
govemvental  ordinanoe,  my  be  subjected  to  a  govemmntal  ordinance.   Paragraph  1  of 
Article  35  of  the  Road  Structure  Ordinanoe  pzovidea  that  bridgee,  viaducts,  etc.,  shall 
be  constructed  of  steel  or  concrete,  of  similar  nature.    Paragraph  3  of  Article  35  provides 
the  total  design  live  loads  shall  be  20  or  14  tons«  for  bridges,  etc.     Paragraph  3  states 
that  other  matters  concerned  with  the  structural  standards  of  bridges^  etc.  shall  be  pro- 
vided by  a  Ministry  of  Construction  ordinance.     Axtlcle  5  of  the  Ministry  of  Construction 
Ordinance  for  the  enforcement  of  the  Road  Structure  Ordinance  provides  that  bridges,  viaducts* 
etc.  shall  be  sufficiently  safe  against  dead  loads,   live  loads,  wind  loads,  seismic  effects 
and  other  loads  which  are  expected  to  act  on  bridges  and  any  combination  of  loads,  consider- 
ing structural  types,  traffic  situations,  topographical,  geological,  meteorologxcal  and 
o^er  conditions. 

Outl  j "  ■:'        •^rcTi^'^i-'ii  "'ri"  ^-r  Farthqua'-^  ■»-P.":^istant  Design  of  Highway  Bridges   (January  1971) 

Since  1356,  the  earthquake-resistant  design  of  highway  bridges  had  been  conducted  in 
accordance  with  the  provisions  of  Section  13  (Section  2,9  in  the  iinglish  version)  of 
"Specifications  for  Design  of  Steel  Highway  Bridges"  which  were  issued  in  1958  by  the 
Japan  Road  Association.     These  specifications  were  revised  in  1964   (the  English  version 
was  issued  in  196S)  and  subsequently  displaced  by  "Specifications  for  Highway  firxdg&s* 
in  197%  the  details  of  tdiicdi  are  as  follows) 

(1)  The  horiseotal  design  seisnic  coefficient  shall  be  detemined  by  Table  1. 

(2)  The  vertical  design  seisnic  coefficient  shall  be  assuaad  equal  to  0.10. 

(3)  mereases  in  the  allowable  stresses  for  only  seisaio  ftorces  or  for  dead  load*  plus 


seieaic  loads  shall  be  taken  as 
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70%  for  steel  strvetures 

50%  for  oonarete  strueturea  and  ralAforced  conorete  aturcturea 

Since  the  provisions  in  the  Section  13  were  not  oooprdiensive,  it  was  necessary  to 
draw  up  new  detailed  specifications  exclusively  for  aseismic  design  of  highway  bridges. 
Current  "Specifications  for  Barthquake-Rssistant  Design  of  Hi^taray  Bridges"  were  Issued 
in  January  1971 «  fay  the  Japan  Moad  Asaocistion,  which  apply  to  the  design  of  hi^^ay 
bridges  with  spans  not  longer  than  200  SMters,  to  fae  constructed  on  uqpiresaways,  national 
highways f  prefeetural  hi^wigrs  and  principal  municipal  highways. 

The  specifications  basically  require  that  seisnic  coefficient  netiiods  be  applied 
and  that  Methods  be  used  in  detesnining  the  seisnic  coefficients*    One  wsthod  is  the  conven- 
tional seismic  ocefficlent  technique  that  applies  to  the  design  of  relatively  rigid  struc- 
tures.   The  other  method  is  the  modified  seismic  coefficient  technique  considering  the 
structural  response  that  applies  to  the  design  of  relatively  flexible  structures*  The 
following  lists  the  principal  points  of  the  specifications; 

(1)  The  horizontal  design  seismic  coefficient  for  a  rigid  structure  is  -if^terminod  system- 
atically, depending  on  the  geographical  location  of  the  bridge  site/  the  ground  condi- 
tions at  each  sub-structure  site,  and  the  importance  of  the  bridge.     The  horizontal  de- 
sign coefficient,  for  a  flexible  structure  is  determined  as  a  function  of  the  funda- 
mental natural  period  of  each  structural  system. 

(a)  in  the  seismic  coefficient  method    that  is  employed  for  relatively  rigid  structures, 
ttie  hoKlscntal  design  seismic  coefficient  (k^)  tfiall  be  detexmined  by 

trtiere  : 

1^!   horisontal  design  seisnic  coefficient* 

k^t   standard  horisontal  design  seismic  coefficient  (-0,2), 

v^:   seismic  none  factor* 

Vji    ground  condition  factor, 

v^:    ijqportanee  factor. 

Itae  values  of  v^,       and      are  riiOMn  in  Td>les  2,  3  and  4  respectively,  flie 
definitions  of  classiflcatlcn  are  specified  in  tiie  provisions.    The  minimum  value 
of  fc^  shall  be  considered  as  0.10. 

(b)  xn  the  modified  eeiemic  eeef fieient  iietihoa    eoaeiderijig  etruaturel  response-  that 

is  employed  for  relatively  flexible  structurss  su^  as  a  bridge  with  highrise  piers 
higher  than  25  m  or  a  bridge  witii  a  fundamental  period  longer  than  0u5  seconds, 
the  horisontal  design  seismic  coefficient  (h|j||^)  shell  be  determined  by 
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where  : 

kj^:    horizontal  design  seismic  coefficient  in  the  roodified  seismic  coefficient 
method  considering  structural  response 
i    coefficient  given  by  eq.  (1) 
9  I    ft  fftotor  d«p«ade»^  on  thft  ftndaMntftl  period  of  ttie  faridge,  end  «lbtfti»ed  hf 
riq*  2.   Wot  stxQotnxM  whoM  foadHMUitai  periods  are  atmrtw  than  O^S  aeoontov 
P  nay  be  eonaldered  ea  1.0. 
The  ■Inlnn  value  of       ahall  be  O.OS. 

(2)  The  vertical  design  seismic  coefficient  may  generally  be  considered  as  zero,  except 
for  special  portions  such  as  bearing  supports. 

(3)  The  horizontal  design  seismic  coefficient  for  atructural  parte »  aoUa  and  water  bcdcw 
the  ground  aurface  nay  be  conaldered  aa  aero. 

(4}  Bydrodynaado  prasaure  during  earthquakee  are  apeolfied  in  the  apeclfieatlona. 

Berth  preaaurea  during  earthjiuakea*  he«rav«r«  ere  apecifled  in  the  related  apeelfioa' 
tlona. 

(5)  qpeoifle  attention  should  be  paid  to  very  aoft  aoil  layera  end  aoil  layera  vulnerable 
to  llquef action  during  eerthqnakes*  Ihe  bearing  capaeltiee  of  theae  layera  axe  to  be 
negleetad  In  ttia  daalgttf  in  ocder  to  aaaure  hlglh  earthquake-reaiBtanca  for  structncea 
that  are  built  in  theae  layera. 

(€)  Special  attention  lAiould  alae  be  paid  to  the'  daaign  of  atructural  detailai  in 

oonaldwation  of  the  daHiga  previoualy  experienced  to  bridge  atructurea.   To  this  alai 
pceivialeiia  are  apoeif led  for  bearing  aupporta  and  devieea  for  preventing  bridge 
girdera  fron  falling. 

(7)  inoreaaea  lA  the  alloiiaiUe  atraaaea  of  attteriala  nay  be  oonsldered  in  tbe  earthquake- 
reaiatant  deaign,  ouignltudea  of  Inoreeeee  for  varioua  nateriala  are  epedfled  in 
aeveral  related  weciflcationaf  and  the  increat^lng  ratea  are  ae  follqiiaf 


eoncrete  in  relnfbreed  oonerete  atruetttreai  50% 

reinfoiro«M»t«  in  reinforced  concrete  atructurea  t  50% 

atructural  ateel  for  auperetructureei  70% 

atructural  ateel  for  aubatruotureai  50% 

concrete  in  prestreaaad  concrete  atructurea  agalnat 

compressive  forces i 

foundation  soils:  50% 
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Adtnowl»dg«wnt» 

SpaelflcfttioaB  for  Barthquake-Rasistant  Design  of  Higfairay  Bridgea  (January  1971)  ara 
tha  fruit  of  affbrta  of  the  Bartfaquaka-iiasistant  Design  Branch-Coamittea  of  the  Specifi- 
cations Subcommittee  under  the  Highway  Bridge  Committee,  the  Japan  Road  Association. 

Special  thanks  are  extended  to  the  Branch-Coonmittee  headed  1^  Mr.  Yasuo  Tada  for  his 
energetic  efforts. 
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Table  1.    Horizontal  Design  Seismic  Coefficient  (Out  of  Date) 


\^  Ground 

Conditions'^ 

Regions*  - — 

Weak 

Ordinary 

Firm 

Where  severe  e'^rthquakes 
have  been  frequently 
experienced 

0.35-0.30 

0.  30~0.  20 

0.  ZO-0. 15 

Where  severe  earthquakes 
have  been  occurred 

0.  30-^0.  20 

0.  20-0.  15 

0. 15^0.  10 

Other  regions 

0.20 

0. 15 

0.10 

"■no  Airther  dBseripMon  on  regions  and  frotmd  conditions. 


Table  2.    Seismic  Zone  Factor      for  General  Highway  Bridges 


Zone 

Value  of^, 

A 

1,  00 

B 

0.  85 

C 

0.  70 

Note:  Refer  to  Fig.  1. 
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Table  3.  Ground  Condition  Factori/,  for  General  Highway  Bridges 


Group 

OefSnltlonsD 

Value  eft's 

(1)   Ground  of  the  Tertiary  era  or  older 
(defbied  as  bedrock  hereafter) 

0.9 

1 

(2/  Diluvial  layer*/  with  depth  less  than 

10  meters  above  bedrock 

(1)   Diluvial  layer^'  with  depth  greater 
than  10  meters  above  bedrock 

1.0 

2 

(2)  Alluvial  layer3>  with  depth  less  than 

10  meters  above  bedrock 

3 

Alluvial  layer"^^  with  depth  less  than 
25  meters,  which  has  soft  layer ^)  with 

depth  less  than  5  meters 

I.I 

4 

Other  than  the  above 

1.2 

(Notes)   1}    Since  these  definitions  are  not  very  compr^owive,  the 
classification  of  ground  conditions  shall  be  made  with 
adequate  consideration  of  the  bridge  site. 
Depth  of  layer  indicated  here  shall  be  measured  from  the 
actual  ground  surface. 

2)  Diluvial  layer  implies  a  dense  alluvial  layer  such  as  a 
dense  sandy  layer,  gravel  layer,  or  cobble  layer. 

3)  Alluvial  layer  implies  a  new  sedimentary  layer  made  by 
a  landslide. 

4)  Soft  layer  is  defined  In  Section  3.  7  "Soil  Layer  Whose 
Bearing  Capacities  are  Neglected  in  Earthquake  Resistant 
Design'*. 

Table  4.  Importance  Factor    for  General  Highway  Brldgss 


Group 

Definitions 

Value  of 

1 

Bridges  on  expressways  (limited-access 
highways),  general  national  highways  and 

principal  prefectural  highways. 
Important  Bridges  on  general  prefectural 
highways  and  mtmielpal  highways. 

1.0 

2 

Other  than  the  above 

0.  8 

Note:      The  value  of     may  be  increased  up  to  1.  25  for  special  cases 
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Fig*  1.   Seismic  Zoning  Map 


Pig.  3.  Factor 
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APPENDIX 


SPECIFICATIONS  FOR  EARTHQUAiCE-REStSTANT  DESIGN 
OF  HIGHWAY  BRIDGES  (JANUARY  1971) 


Ttnlitivt  EflglWi  VnrioH 


JAPAN  ROAD  ASSOCIATION 
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ThB  earthqualw^esjataiit  d«ii|ii  o(  bighwty  biidiea  It  cumntly  Mot  conducted  in  •ccord4UMa 
wHh  tli«  pKMrbtom  of  Section  13  (Seetimi  2.9  in  Itw  BnflMi  vertlon)  of  the  Speeifleiitibnf  fof  DeeliB 

of  Steel  Highway  Bridges  Since  the  provisions  concerning  earlhqualie-rejistanl  design  are  not  very 
compreheniive  m  stated  in  the  pieface  of  the  Specifications,  the  desiin  is  in  many  itspacts  dependent 
a  ttv  de^ner^  tattrpiMtlicm.  Aeootdinily  the  i«wlt«  «t  the  «ariOtt*  d«si^  wcce  sot  ihniyi 

cofltiitenr  T-  alleviate  this  problem  it  was  neceisar^-  to  revise  she  Stction  13  of  the  Specifications 
and  to  draw  up  new  detailed  specifications  exclusively  for  earthquiike  resistant  design  of  high\»iy 


!■  mtoam  to  Ikt  acod  for  tmUoiu,  the  Japan  Road  Atsociatioa  eetehHihud  the  Earthquaks 
Resistant  Design  Suheommittee  under  tiM  Highway  Bridge  Commtttee  fn  l9tS6.  Between  1966  nnd 

196?  a  prel]ni:ii,\i^,  draft  was  prepared.  The  task  was  taken  •  —  -i  .  ihc  '  jr- ',:]  ..:i'r.c  R  ,:«tant  Design 
Brandt-Committee  of  the  Specifications  Subcommittee  in  1968,  when  the  Htghway  Bridge  Committee 


The  Subcommittee  and  the  Branch-Tommittee  have  seriously  iTtempted  to  draw  up  the  revision 
throcfb  surveys  of  the  avaOable  leseaicb  woric,  discussions  with  :pi;^ialisti  from  univeriities  and  other 
oigasizations,  and  trial  calculations  and  bridge  designs  at  several  stages  in  Memdnnen  with  Ihn  inMiim 
drafts,  and  finally  completed  the  revision  of  the  Specifications  in  1971. 

The  new  Specifications  are  completed  basically  in  accordance  with  the  ptovitions  of  S«ctiofl  13 
of  the  Specifications  for  Design  of  Steel  Highway  Bridges,  and  also  by  extensively  referring  to  the 
wtsSa  of  recent  isvestigatiom  on  earthquake  engineering.  Therefore  the  design  methodoloty  of 
SaefiM  1)  of  the  convnt  Spedficntiont  «w  generally  traced  in  catabHiMng  tkt  mm  Specdteathm 

ta  determining  the  design  seismic  l;  efficient  the  importance  factor  is  newly  considered  in 
addiison  to  the  traditional  factors  such  as  zone  factor  and  ground  condition  tactor.  Moreover,  for 
brMfW  «Meh  hne*  looter  nntunl  perioda  ll»  taOOt  oa  the  mtiinl  perlodt  of  tho  atmctniea  ti* 

cocsiisred 

Although  the  design  horizontal  seismic  coefficient  used  to  be  0.1  to  0.35  in  the  Section  13  of 
the  csiwnt  Specifications,  the  value  is  reduced  to  0. 1  to  0.3  and  over  0.3  only  for 
the  stw  Spedficatioas.  This  la  baaed  on  Um  mnlts  of  ncent  inmtiittioat  that  it  Mem  man 
foessal  to  pay  attesMoa  to  toll  oonditlonB  tttber  than  to  the  magnitude  of  setanle  coefficients  In 
desip  of  bridges  against  seismic  forces. 

SoM*  detign  seiiroic  forces  in  tlu  naw  Specifications  wera  dvicrmtned  by  refemng  to  the  aeiseaie 
ti*  aip  txpecttd  tor  IS  yama  ginwied  by  Dr.  Kwraanml  tnd  by  nOeetlnt  thn  maiilia  of  a  iMtpl 
stufr  on  the  meteolorogical  data  since  the  Kantn  Earthquake  in  1923,  seismic  forces  considered  in 
the  sew  Specifications  would  cover  the  severest  earthquakes  experienced  in  individual  regions  in 
Japts. 

JhM  aeismic  forces  would  also  connspoiid  to  thoee  due  to  tht  tioteat  earthquilMa  in  the 
iriinrlngical  point  of  view. 

13  the  new  Specifications  the  following  aspects  differ  from  the  previous  method. 

(1)  rw  design  seismic  coefficients  of  a  bridge  are  determined  systematically  depeodeiK  est 
pmraphteai  location  of  the  bridga  iHo,  dm  pound  ooaditlcai  at  eacli  nibttnietiin  tfle,  and  tke 
mportance  of  the  bridge. 

(2)  Tie  vertical  design  seismic  coefficients  are  generally  neglected. 

(3)  Tie  design  stisnie  ootlfielMlt  Cor  aliuctnil  piilg,  anfe  Md  wtint  belmv  the  trownd  pirfneo  we 


(4)  Special  atttniioa  la  pold  to  ««y  aolt  Mil  taym  and  aoil  Inyan  vulnerable  to  Hquafaetlon  < 

suthquakes.  The  bearing  capacities  of  these  layers  are  neglected  in  the  design  in  ordettO  i 
jigb  earthquake-resistance  for  those  structuraa  wUch  are  constructed  in  these  layers. 

(5)  T»  dcaign  se,smic  coefficients  for  bridgaf  witfe  MiMm  ptentM  detarmmed  hi  i 

-rre  modified  seismic  coefficient  method  considering  structural  response,  instead  of  the  conveo- 
vmal  way  in  which  the  desi^  seismic  cocfficienU  increase  wUh  the  heiight  uf  th«  piers. 


i 

II 

!  VIII-IO 


II 


Digitized  by  Google 


(6)  SpccUl  attention  is  alio  paid  In  the  design  of  structural  details  in  view  of  earthquake  damage 
pieviously  expeneaced  to  biidfc  ttructum.  To  this  end  piovisioiu  are  specified  for  bearing 
Mpporti  uid  <te«{ces  for  prewntiiig  npcntnicturet  ftom  railing. 

Although  the  Spfcificjtions  were  developed  through  extensive  studies  and  discussions  of  itsearch 
reports  on  earthquake  engineering  from  tbrou^tout  the  world  as  well  as  Japan,  some  unexpected 
lifobleatt  may  uiw  wimi  diey  m  applM  to  wtual  itiuctaiw.  Becmie  of  Ma  and  the  fact  tlut 
technological  improvements  take  place  very  rapidly,  another  revision  will  be  required  in  the  future. 
Everyone  is  urged  to  indicate  any  iMufficient  points  or  to  make  any  suggestions  for  the  present 
Spedncalions,  so  that  they  may  be  improved  in  subsequent  revisions. 

The  pieaeat  puMlcition  is  limited  to  the  pravisioiis  which  am  contidend  to  be  sufftcient  for  the 
dcgim  of  biMget.  Conineiite  which  dedeeilbe  the  baait  and  the  appBeation  methodt  of  fh»  provisiom 
will  be  issued  immediately  after  their  completion.  They  will  be  indispensable  when  it  is  nci.css.iry  to 
revise  the  present  Specificattons  again  or  when  any  parts  of  the  provisions  are  found  to  be  uncertain 
ill  thitir  application. 

Dr.  Hiroshi  Kawasumi,  Dr.  Tsutomu  Terashima,  and  Mr.  Tsutomu  Tomita  participated  in  the 
discussions  on  q>ecial  matters  as  special  members  of  the  CommittM.  Their  cooperation  is  greatly 


Januty,  1971 

Eartluiaalie  Resistant  Design  Braitch-Committee 
SpeeifieMioni  SabconunUtee 

Hifthway  Bridge  Committee 
Japan  Road  Association 
3-3-3  Kasumigaseki 
Chiyoda^u.  Toicyo 


UST  OF  MEMBERS 

HIGHWAY  BRIDGE  COMMITTEE 


Giairman: 
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Membett: 
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Inomata,  Shunji 

Kokubu,  Masatane 

Konishi,  Ichiro 

Kono,  Michiyuki 

Mataaiaki,  Alcimaro 

Murakami,  Etiehi 

Murakami,  Tadaihi 

Naica(inia.TaleeiU 

Nal(aiM,Talcayiild 

Naniwa.  Hayato 

Naruse,  Katsutake 

Ofcamoto,  Shunzo 

Okubo,  TadayoshI 

Okumura,  Toshie 

Oiaki.  Hitashi 
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CHAPTER  1  GENERAL 


1.1  Scope 

Tin  pnvnOna  in  eh*  SpcdficatlaM  ap^  to  tuOnvult*  laMtM  dedin  of  Mikway  teidge*  wMi 
spans  not  longer  than  200  meters,  to  be  iMiat  on  cxpnasnrtyt,  lUtioMl  highwm>  pnfMtlltal  kllliwigpi 
ajid  priacipal  municipal  higbwaya. 

IB  ngMtf  to  wtMis  wWdi  «K  not  tpeeified  heieiit,  th«  faUowint  SpMiflntlQiis  ihdl  be 

eonfonned  to,  in  accordance  with  the  type  of  the  structure  oooiideietf. 

SpeaficatioM  for  Deagn  of  Steel  Hifhway  Bridges.  ia|un  Road  Atso«iatioa 

SpedJIcMiowforDnkBofWcldedllitftvnyBildtci.  Iipui  Roid  AMoeittioa 


SyacificatiBas  for  Dctfm  and  ConMriMtioii  of  Cooqwaite  Bcana  for 

Steal  Hiihmv  BridiM.  J«IM«  1^  Anodatton 

SpeeiacatlDu  fat  IMpi  of  Reiiiforead  COBcnte  Higbway  Biidiaa.  lapan  Road  Anodalio* 

Spedflcatiou  far  Dedgn  and  Coaatcnctioii  of  Piictioa  Tyye  Joints 

in  SiMlHi^wairBridteaUciniWibSlienitli  Bolts,  Japan  Road  Asvieiatiim 


SpadfleatiOBa  foe  Deaim  of  Snbitraetmei  of  Highway  BiMfei, 

Sptcifications  for  Prestressed  Concrete  Highway  Bridges,  Japan  Road  Association 

1.2    Definitions  of  Terms 

TiM  foiloaring  deflnitions  apply  only  to  the  praviiions  of  thaae  Speetfieatiom; 

(1)  Earthquake:  A  phenomenon  with  propagation  of  vibration  diN  to  •  nddcn  MtHialljr  OOOHtlni 

movement  at  a  certain  portion  tnstde  the  earth. 

(2)  Earthqualce  Ground  Motion:  Vibration  of  ground  during  earthquakes. 

<3)  Design  Seismic  Coefficient:  A  ooefricieot  indicating  the  magnitude  of  acceleration  to  be 
conndersd  for  earthquake^istaat  ditign  of  Mrtictuiei,  and  expiessed  as  a  fraction  of  the 

acceleration  of  giaviiy 

(4)  Seismic  Coefficient  Method .  A  method  for  eaithquake-iesistant  design  m  which  seismic  forces  are 
asMined  to  act  on  ativctnias  ts  statie  foieas. 

(5)  Modified  Seismic  Coefficient  Method  Considering  Structural  Response  A  method  for  earthquake 
resistant  design  which  is  developed  through  modification  of  the  seismic  coefficient  method  by 
considering  characteristics  of  earthquake  ground  motions,  dynamic  pioportiae  of  atraetHies,  etc. 
for  tliote  slmctnies  arith  long  fundamental  peiiods  of  vibration. 

(6)  Modified  Design  Seismic  Coefficient  Considefing  Stiwlnral  Response:  A  dei^  selamie  eoef<lciaiit 
used  in  the  modified  seismic  coefficient  method  considering  structural  responie  In  wkich  the 
design  seismic  coefficient  is  dependent  on  the  futulamental  period  of  the  structure. 

(7)  Standatd  Hortzeotsl  Design  Seismic  Coefficient:  The  Horiiontal  design  seismic  coefficient  which 
applies  to  i  bridge  which  is  located  in  a  zone  where  severe  earthquakes  have  frequently  occurred  or 
where  severe  earthquakes  have  a  high  potential  of  occutance.  and  which  is  constructed  in  soil 
layers  wRb  ground  eonditlons  cermpendbig  to  gnup  2  in  Table  4.S. 

(8)  Seismic  Zone  Factor:  A  factor  to  decrease  the  horizontal  design  seismic  coefficient  in  accordance 
with  the  geographical  location  of  the  structural  site.  The  factor  has  the  value  of  I  U  tor  those  zones 

where  severe  earthquakes  have  CtequcAtly  occunad  or  where  seven  earthtiiMlccf  have  a  high 
potential  of  occuraitce. 

(9)  Gioond  Condition  Factor:  A  factor  to  modify  the  horinwtal  design  seismic  coefficient  dependbig 
upon  the  ground  conditkms  of  the  stiuetursi  site.  The  factor  is  intended  to  unify  the  maigin  of 
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safety  against  earthquake  distuibaaces  among  ttiyiiWiw  comUllLHd  la \ 
in  coBiiil<mk>n  of  damags  pivnotialy  tuperianced. 

(10)  iayofiiMPMlof:  AISMlarl»nsdiiyilMlMlMMal4«i|»Miimfe 

Importance  of  the  structure. 

(11)  Ineitia  Force:  Product  of  the  weight  of  the  stnictunl  body  and  the  de«ga  seumK  cocKiciea;. 
<I2>  Seismic  Force:  Any  forces  tuA  ai  kMrtig  fONH,  Milk  fMniM^  Me.  to  «kldl  atllKtiiiM  Ut 


(13)  OiMflldnt  «r  Sttliiiid«  ftMdim;  A  taMUma  livni  ky  tiM  MIoiibii  tMm^  vUA  ii  alw 

shown  in  Srci  r^n  3.1  of  the  VohiMg  tt  ggWd  feiMrtHlOMi  tlW  apwiflf  ■liWIg  fat  l)ll|m  Of 

Substructure!  of  Highway  Bridget. 


K:     coefficient  of  subgrade  reaction  ta  kg/cm* 
p:     loading  pressures  in  kg/on' 
«:  WwUdwowtlacao 


C]iAFTER2  BASIC  nUNOPLES  FOR  EARTUQUAK&RESiSTANT  DESIGN 


(1)  The  eaitbquake-fetistant  dctiga  for  a  highway  bridge  shall  ptovid*  sufficient  ttabili^  aiaiait  i 
4ilMibiiHM  fot  tlw  Miubtmo  tt  g  tttil  ttrf  ibo  fte  nil  pKti  fhntoft  iiifjlrilm  nipgiiUvetiiiM, 

gabstructure?.  3r.d  mrrounding  sons,         '    irig  topographical  ind  geological '-r.:!:*itns  at  the  site. 

(2)  Hm  seismic  coefficient  method  bestcally  shall  apply  to  Uw  eerthqoafce-mistant  design  of  relatively 
filid  itraetiint. 

(3)  Th«  modified  seismic  coefficient  method  considering  structural  response  shall  apply  to  the 
Mfthquake  resistant  design  of  relatively  flexible  structures  which  are  of  long  fundamental  periods  of 
vibration,  such  as  bridges  with  highrise  piers. 

The  rarthgiiilre  teepoaae  eaatyiia  ah^  also  be  adopted  foe  tfwee  atrucMrea,  for  which  detailed 


(4)  Particular  attention  ^hst!  be  paid  topnvMltagllwMlofwpamnietomfteait 

the  movemeots  during  eanhquakea. 

WkM  the  design  allowing  for  partial  failurea  of  the  whole  system  or  local  faUnm  of  < 
itluctHiai  members  is  required  on  the'  basis  of  ecoaoiiiicil  «omid«ratioiH»  ipncM  tttMitlon  lo 
t  tb«  faB  of  8Hp«ntnietuiM  shall  b«  ptid. 


CHATTBRS  LOADfi  AND  OONDmONS  IN  EARTliQUAIMESISTANT  DESIGN 


3.1  General 

(1)  The  following  loads  shall  be  takn  into  gofo—t  iO  oiHiqoake-resistant  design  The  appropniilg 
leads  shall  be  seleaed  from  tUt  Hit  oa  lk»  btdt  of  fhn  locatioB  aod  the  type  of  the  ttructufe. 
I    Dead  Loids 

I  2.  Earth  Preaaum 

4.  Buoyancy  or  Uplifts 

5.  Effects  of  Teniperature  Change 

II 
I 

•I 

II 
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6.  Fffectt  n r  Shrinkage  tfM to Huaddity  In CMeNieSmKtHin(liieMJi«Ctat»Ef1^ 

7.  Seismic  EfftcU 

B.  EffedtorPiklieflatBMiiBtSiipyeits 

9.  Effects  of  Consolidation  and  Settlement  4 
10.  Effects  of  Movements  of  Supports 
II. 


(2)  Combination  of  Loads 

conditions  shall  be  determined  considerini  the  fo>low  ng  four  cases.  The  combination  of 
loaids  iitted  above  shall  be  dediled  in  accoidance  wtUi  the  pnxritiona  in  indiiMwal 
Spedfiatioiit  aeeonling  to  tiie  type  of  tlM  Mdte  comsidefed. 
Case  I      Maximum  stresses  will  be  expected  in  the  members 
Case  2     Maximum  reactions  will  be  expected  in  the  foundation  soils 
Cmi    MMbiwmi  Jhplactiiwnti  wtt  ba  wpectad  m  the  wppoitt 
0Bie4  TkaBtiucliin«ilbaMino«fUk<lcaailionBdiiato< 


3.2  Seismic  Effects 

Til*  foltowiac  ititmle  torm  ihall  be  ttkaa  into  acoount  to  datcntfaa  aainiceffiBcuindaaipioft 


1.  Inertia  forces  due  to  the  dead  wei^t  of  the  structure:  The  magnitude  of  the  mertia  forcr^  ■'r.-jW  he 
the  product  of  the  weight  of  the  structure  and  the  design  seismic  coefHcient.  The  design  Kismic 
eocfnctoMt  *aa  b«  oMiinad  In  acccedwica  wUk  flie  ptmiaiow  In  Chaptar  4  *l>eaiin  Sakmle 

Coefncient." 

2.  Inertia  forces  due  to  the  superimposed  weight:  The  magnitude  of  the  inertia  forces  sha.i  be  the 
product  of  the  superimposed  weight  and  the  design  seismic  coefficient.  The  design  seismic 
cotlBcient  alio  iliiU  b«  obtained  in  accoidance  wiili  the  proiWena  in  Cluster  4  "OeaigA  Seiamie 
Coaflieiaat.'' 

i.    Earth  pressures  during  earthquakes. 

4.   Hydiadyaamic  pnsaaies  during  eatthquakea. 

U  Inertia  Forces 

(I)  Both  for  the  seismic  coefficient  method  ami  the  modified  seismic  coefficient  method,  bridge 
aubrtiiicliiiaa  shaD  be  snbjaetad  to  Ot  toaitia  fonn  of  MpantnetnMe  dniint  aaidMiuaikat  aa 
foaowt<nl<artoFi|.3.i): 

(a)  HoiiMMal  tetanic  Ibieaaelint  OB  A(<Mk«bminent)Aal  be 

Hal  'f^AL  fAL  •  "  ".I) 

UaL^^^I^^A  t3.2) 

Inotbarwoeda, 

ICiA'imalkator 


f^AL  fAL 
or 

I  1 


(b>  HoibonAal  aaianiic  fone  acllnt  on  r.  <nir  I)  than  be 
Mah  *  ff»l  *  l«>l"*t 


Itk^A  (fttt  •  0  Isi  tWt  eaaa>  ~  (».») 

1 

^JJkMWA  *  Rbl  fai  (3.4) 
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la«quaaeii(3.4KAat  */m  dull  (ittofy 

RbL    fBL  ^  y  **  M/fl    (J.S; 

(c)  Horizontal  seismic  force  •ctiiif  on  Ax  (right  abutment)  shall  b« 

HbH  -   (3.«> 

Mcvoble  M<m*i« 
SiopotKSm.)     Sw)ft<Sjw)  SupoorKSii.) 


/      Cif<»f  B  (Wi> 


Av  ^  A* 

Fig.  3.1     Inertia  Forces  oi  Superstructures 


iJit :  Static  friction  coefficient  at  movable  support  At,, 
fat,  ■      Static  friction  coef f icieat  at  movable  support  B/, , 

Hjti,:    HartKMitit  wimile  fore*  (bwrtlt  foiee  or  ftkliaa  rem)  Ktbit  on^t  dtw  to  Girder  A, 

/fjlll'     Horizontal  seismic  force  (inertia  force)  artinf;  on  /*,   '''c  to  Girder  A. 
//fli,:     Hoiwonlil  seismic  force  (laeiUa  fore*  of  fnction  (ofce)  acting  on      Juc  to  Gaiu  B, 
tluli    Horizontal  seismic  force  (inertia  force)  acting  onAg  due  to  Girder  B, 
ki,:       HortMAMl  <lctigB  wiaiik  oocfncient  (in  accordance  with  the  provisions  in  Chapter  4 
"Dcaiia  SeiiMic  OMflkinit*':     in  equation  (4.1)  for  the  tcitmic  coefficient  method, 
or  ksm  in  eqpiaOoii  (4.2)  for  dw  BOdlfM  MiMiic  cMfficitiit  nethnd,  rfiill  b« 

f^AK  .  Reaction  at  P,  due  to  H'^  , 
Rat.  ■  Reaction  at  P,  due  to  Wg, 
Man:  llMetkMiati4*<taeti>lli'«. 

W4  :       Read  weight  of  Girder  ,4,  and 
Wa .       Dead  weight  of  Girder  B. 
(2}  iMilii  tantt  Aill  b«  nnuMd  lo  Mt  at  tin  caoMr  «r  tmlty  of      ttnenm.  in  designltic 


nbstnietait.  inertia  forces  exerted  SKm  npuMmonuM  may  be  awnmed  to  act  M  tiM  level  of  Hit 
base  of  the  supports  in  the  longitodfiia]  direction  to  the  bridge  axis,  and  at  tlie  level  of  tlie  oentcr  of 
gravity  of  the  supciilructures  in  the  transverse  direction. 

In  the  tfantverie  direction  the  level  of  the  center  of  gravity  of  the  superttnictuies  m«y  genetally  be 
taken  at  the  lowar  lavtl  of  the  floor  slab. 

IJ)  Inertia  forces  shall  be  assumed  to  come  from  two  horizontal  directions:  lonKitudinal  and  transverse 
to  the  bridge  axis,  or  parallel  and  perpendicular  to  the  principal  axis  of  Miy  structural  el6ia«nts 
thetutdgi. 

3.4  Earth  Presurts  during  Earthquakes 

Karlh  pressures  during  earthquakes  shall  be  determined  in  accordance  with  provisions  in  the 

SpeciTicatioM  for  Design  of  Substructures  of  Highway  Bridget  (See  Refeience  1  at  the  end  of  the  Eaglitli 
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Version)  The  horizontal  seismic  coefficient  in  the  calculation  of  earth  pressures  shall  be  in  accordHM 
with  the  proviiions  is  Section  4.2  "Design  Seismic  Coefficieat  In  the  Seismic  Coefficient  Mcthcxl." 

9.$  HydfOdynamic  Pressures  during  Earthquakes 

Hydiodyneroic  pressures  durutg  eerthquikes  shall  be  determined  by  the  foUowins  formulas.  The 
pmntres  shall  be  assumed  to  act  in  the  MM  dinctioil  M  that  of  lha  faMfftta  fofCM  ghm  bjr  ttt 
provisions  in  Section  3  J  "liMitto  FoveM." 
(1)  Hydrodynamic  PmwrttQIlWalto 

Hydrodynamic  pressures  ietttt  M  OM  rfie  of  a  mIMyve  ^cIbib  dutD  be  Jaiinnhad  aa  fialkiwi 

(refer  to  Fig.  3.2): 

'  ■  ■^*»*'eW  :  (3.7) 

Af  -4-*  <3.8) 


Fif.  12  NjfdroSynaiuc  PtMtiHM  «a  MoO  Sifaeiuiit 


f.     Widthofthe  wallinmelanliilbayeipeiidictilerdlfecttonlollietorikepfBBHm, 

A:     Depth  of  water  in  meteit, 

hgi   Haiglit  or  the  toM  hydradynaBle  pieimie  in  matete  above  A*  beitgm  ol  the 
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k^t   Hsrixoaial  dciign  wimle  eMtlfcteMt  |i«M  by  ttm  jwwMow  ia  Saetion  4,2  "PcHtn 

Seismic  Coeffi  icn!  [n  the  Setomic  CocffieiMt HMlMd,'* 
P:     Total  kydnxlynajiiic  pmwn  in  t,  Md 

(2)  Hydrodynamic  Pressnrei  on  Columns 

Hydrodynamic  presMrei  tctm^  on  a  coluraa-typ«  atnicture  sunounding  by  water  tkiti  b« 
I  tt  fall0<M  (nto  to  Fi|.  3.3): 


f'^ k„w^^k  (1  - 4>         T ^  ^  ^^-^^ 

?  -I  MViift**  for    >  2  13.10) 

--i-*  0.1I> 

3.6  Gioiuid  Surface  Awtmed  in  EicUvquake  ResuUnl  Design 

IB  fltlmMlV*  teiiftaat  deiilB  th*  bearing  capacities  of  toil  layen  which  are  ip«ciried  in  Section  3.7 
■^on  Layers  Whose  Beafia«  Capacities  are  Neglected  ia  Ewthviafca  ReaistaiU  aiiall  be  aeiiectMl. 

Ground  surface  in  design  shall  be  assumed  to  be  the  level  of  tbe  lower  boundarr  of  the  ociJectBd  layer,  if 
the  layer  extends  continuously  below  the  actual  ground  surface 

For  thil  eaw  tiM  negteclied  layw  dMH  be  unuaed  to  have  properties  of  zero  cohesion  and  xeio  angic 
of  iateraal  Mellon. 

3.7  Soil  LayersWhoseBearingCai  d  it:>:  NegkctadlnKHlliqulhtRMMUtOt^p 
(t)  Sandy  Soil  Layen  Vulaenble  to  Ltquefaction 

tttwaMtf  taady  Ml  Iqmt  «Mch  aia  ailtMa  10  awtiii  Mow  ttm  actual  pound  miHet,  bm  a 

standard  penetration  test  N-rahie  len  tkan  10.  have  a  coefficient  of  uniformity  less  than  6,  and  also 
have  a  Ojo-value  on  the  grain  size  accumuUtloA  curve  between  0.04  mm  and  0.5  mm,  shail  have  a 
high  potential  for  li(|iMiflKtliaB  4iillat  Mrth^WfeM.  iMriMt  capadtki  of  tlwae  layen  iliall  be 
Mdactadia  design. 

Sattttaled  tandy  ton  layait  wkkk  liaea  a  Dat'^vdaa  ietaaisi  0l004  and  0.04  mm  or  between  O.S  mat 

and  1.3  mm  may  Uquefy  during  earthquakes,  and  shall  be  given  particular  attention  Estimation 
whether  «  not  tbeee  layers  wiU  Uquefy  iball  be  made  tn  accordance  with  Um  available  loformattoa 


When  a  special  invntiguiMi  b  ptrfBtOMd,  dM  pmUom  to  lUf  Ham  CD  il  StCtlM  3.7  Stay  BOt  be 
required  to  apply. 
(3)  Cohesived  SoU  Uyen  and  Silljp  Sail  Uyan 

Bearing  capacities  of  cglseiiva  wl  layen  end  siKy  lott  layen,  which  aie  within  3  oieiers  of  the  actual 
grovad  tuiface,  and  are  very  eoft  eadi  ae  (Iwee  wllii  (ha  conpiairiaB  atmigth,  determined  by 

unconfined  compressK"!  rc-^t  ;  ir  ficM  \C'.".  .lt^^.  than  0.2  kg/cm*, tfuH  bg  Mgl«etad  in d«li|n. 
(3)  Weight  of  Suil  Layers  Whoec  Bearuig  Capaotic*  ate  Neglected 

11w  waliht  of  aai  iigm  whaia  baaiiai  cwaeitiit  an  aaghstad  rfnfl  haea  auRhaiie  aff ectt  en  lha 


3 J  Buoyancy  o'r  Uplifts 

Buoyancy  or  i^fta  ihaU  b«  deteoninad  ia  accoadanca  with  the  pravlaioaa  in  the  Specifications  for 
l>a^  of  Siibalnwtant  of  Hitfiway  Biid|M  (laa  RataaMa  2  at  Iha  «■!  of  lha  E^/Ut  Vaiaioo). 
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CHAPTER  4  DESIGN  SEISMIC  COEFFICIENT 


4.1  Genecal 

The  design  Kinnic  coefficient  dull  generally  be  detennined  in  accordance  with  the  provisions  in 
Section  4.2  "Dctlsn  Seismic  Coerflcient  in  the  Seismic  Coefficient  Metiiod."  For  those  bridaei,  however, 
wkich  liave  flexible  pien  and  long  fundamental  periods,  such  at  IliOM  with  piers  higher  than  25  netm 
above  the  ground  surface,  the  design  seismic  coefficient  shall  be  determuied  in  accordance  with  tilO 
provisioiu  in  Section  4.4  "Design  Seismic  Coefficient  in  tiie  Modified  Seismic  Coefficient  Methotf 
Ooniiderini  Stmctujil  Rcfponfe." 

4.2  Design  Seismic  Coefficient  in  the  Seismic  Coefficient  Method 

(1)  Tke  hoiizonlal  design  aeiiaie  cflelfkiMl  dull  be  determined  by  the  follcwtag  formuta: 

tfe  •  V,  .  v,  .  V,  ■  ^  .  ^44) 

where 

k^i   Horitontil  desipi  atiMiilc  coefficient, 

kc'    The  standard  Iwriiontal  design  aelamie  eoefficieiit  (■  0.2), 

Vi :    Seismic  Tone  factor, 
Vf:    Ground  condition  factor,  and 
Inpoiienee  factor. 

The  value  of  k«,  shall  be  rounded  to  two  decimals.  The  minimum  value  of  k«,  shall  be  considered  as 
0.10.  The  values  of  (actoR  Vi ,  Cj  and  fj  shall  be  obtained  by  the  provisions  in  Section  4.3  "Factors 
for  Modifying  the  Standard  Horizontal  Design  Coefficient." 

(2)  The  vertical  design  seismic  coefficieiit,  k«  nuy  generally  be  considered  as  0.  Vertical  seismic  forces 
for  design  of  bearing  mppoits,  however,  shell  be  detemrined  In  igcoidarwie  with  Um  pwvfaloni  to 
Section  S.3  "Vertical  Seismic  Forces  for  Design  of  Cennectloas  between  Supentnietuiet  end 
Substiuctuies." 

(3)  The  herizental  design  seismkeoeffieieatnMy  be  considered  nO  for  strvetiHalfeitateeiUs  and  water 

below  the  assumed  ground  surface  in  design.  The  assumed  ground  surface  in  design  shall  be 
determined  in  accordaitce  with  the  provlsioot  in  Section  3.6  "Ground  Surface  Assumed  in 
Earthquake  Resistant  Design." 

Item  (3),  however,  shall  not  apply  to  undeisround  structures  such  as  culverts. 

4.3  Factors  for  MoJifyingdieStandatd  HofisoNtelDetigii  SclsmieONfficient 

(i)  Seismic  Zone  Factor 

Seltmw  lene  fs^er  ahli  be  4el«mined  In  aocordaiice  with  Table  4.1,  to  which  the  aooe 
elaailficetion  ehiU  be  determined  ftom  Fig.  4.1  or  Table  4.1 


Tebie4.i  Setamle  Zone  Factor  V| 


Zone 

Value  of  V, 

A 

1.00 

B 

08S 

C 

0,70 
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Table  4.2,  which  indicates  in  detail  the  lenmk  ume  thfoush  the  UM  of  pliM  iMm«s,  it  omitted 

in  the  EnitUsh  version. 

(2)  Ground  Cotidiiios  Feclor 

CiMiid  coodttioa  raelM  than  he  deteimiiicd  in  Mcoidewx  with  TeUe  4.3, 


Table  4.3  Ground  Condition  Factor 


Gfowp 

Dcfinltioiia*)  ^ 

Value  of  Va 

1 

(1)  Gtound  of  the  Tettiary  era  or  ddaf 
(defined  as  bedrock  hereafter) 

(2)  DiMViai  layer*)  «iih  depth  less  than 
10  metete  atiove  bedrack 

0.9 

2 

( 1 )  Diluvial  Uyer^)  with  depth  greater  than 
10  meiefi  abon  bedfodi 

(2)  Aiiiiftkllqfwilwilh  depth  ksitiMil 
10  meters  above  bedrock 

3 

Alluvial  layer))  with  depth  less  than  2S  Relink 
which  hat  soft  layer*)  with  depth  leaa  than 
S  neten 

14 

4 

Other  than  the  above 

1.2 

(Nolas) 

1)  SiMe  thsae  deflnitions  are  not  very  comprehensive,  the  clas^iflcatioa  of  ^onadeoadttioii* 
Aall  be  nude  with  adequate  oouideration  of  the  bridge  site. 

Depth  cf  layer  indieated  bo*  ahafl  be  neaaaiad  ftM  fha  aetnal  ymviid  HHface. 

2)  Diluvial  layer  impliaa  ■  denae  alhiriai  leytr  such  ae  a  dense  sandy  layer,  giafel  layer,  or 

cobble  layer. 

3)  AHhtUI  layer  im^Uet  a  new  sedimantaiy  layer  made  by  a  laoddide. 

4)  Soft  layer  is  defined  irv  Section  3.7  "S«jl  Layer  Whoae  Bcaria* Capacitiea  ais  N«|lected  in 
Earthquake  Resistant  Deugn.  ' 

(3)  Impoftance  Factor 

importance  factoe  shall  be  determined  hi  accordance  with  Tabl«  4.4. 
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Table  4.4  Importance  Factor  fj 


Croop 


Denaltloa* 


vtiMoCn 


1 


BfMltet  on  expressway]  (limiicd-ajxea 
U^wiyt),  gMwnl  natkMul  hlahwtiysattd 

principal  prefectutal  highways. 
IiniK»rUnt  Bridsu  on  tcaeral  pRfactanl 


IJO 


1 


2 


OllMr  thtt  tlw  ilbo«« 


NMK  Tlti^eCVsMirtalMnMi4iiftol^fer««gU<«nteOfaa»l. 
M  IMbi  filmili  CtaffielNt  ki  «w  ModUM  flif  Ir  CoMtkM  VMM  CeuiiMm  aiiwtaMi 


Tlu  teign  teismic  coefficient  ^ecified  ia  tUt  Section  dull  apply  to  t)tc  destga  oC  wperstnicturae 
mIiiIiw  tMw  of  thoM  bridiM  wkMi  kMW  HhMd  ftara  iRd  Mlilivily  kMl  ftndiHMntil  ptrio4v 

lucli    OM  to  triidi  <lw  Iwigtt  of  tlw  aMiMtim  li  U  ia»M 

deiiia. 

Tlie  above-mentioned  ground  surface  !■  4m|^  Alll  te  ^pMlflld  1b  SmIIoB  %Ji  "QnUtA  tiufm 

Tlw  Pitlgi  f  iliiiilr  «Btllfcteiiti  l>  tfdt  Stem       b»  JUtinimJ  >y  moUWim  «>»  tohattf 

de^iKTi  srnnic  coefficient  In  Section  4.7  "D? iigti  Seismic  CoefHcient  in  the  Seismic  Coefficienf  ^?ethod  " 
on  the  basis  of  charactehstict  of  ttront  c^iiliitualce  ground  motions  recorded,  and  dyiumic  properties  of 
htUft  ■troctuies,  auch  tt  natural  perioda,  mode  shapes  and  damping  capacities  of  bridge  anbatnietltfMi 
Altar  Obtaioing  the  dedgn  teUmic  coefficient,  the  method  for  applying  seismic  loada  for  tlM  ^ipi 
AdI  b*  the  itnie  u  specified  by  the  provisions  in  Chapter  3  "Loads  and  Conditions  in  Earthquake 
Resistant  Design.*' 

The  pfoviaiona  in  thee  Section  shall  not  apply  to  the  deaiga  of  wpentnictum  of  those  btMfN  la 
wfcfcli  wimimirtunt  wm  HeidMe  and  htm  laager  fedeJe,  amis  >s  usipemteB  bridges. 

4.4.1  Daim  Stismic  Coefflcient 

(I)  Tha  XilHWtel  des^n  sekmte  wnlllrliat  All  ht  dtenaiaed  hy  the  faUwriK  toimla; 


*a«  :    ItoiMwtal  daaiga  seiamie  coeff ieimt  ia  liw  awdifiMI  leiMie  oodlkiMM  aalkad 
rnn  lid  firing  Hmclutd  niponse, 

kit  i       H  rb  ntal  design  seismic  coefficient  given  b>  i-  j  >  ■^  i :,  and 

P  :      A  factor  dependent  oa  the  teadamcntel  period  of  the  bridge,  and  obteined  by 

For  structures  wha«  ftiadaaMliI  potoii  ai*  Aoclii'  Hun  04  mc,  fi  m&f  ba 
ciaisideied  aa  1.0 
Tlw  wlM  «r  kgM  *d  to  fOMiadlo  two  MMdi.  Iba  nfalniim 

(2)  11M  imtkal  design  triMRleeoaffldM  Ail  be  inofUad  In  ac^^ 

(2)  of  Section  4.2. 

(3)  The  horicoatal  design  leitaiic  coefficieat  for  the  portions  below  the  assuowd  ground  surface  la 


Response 
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Craw  M  ttM>* 


_Ossc_l_ 


10  «0         10      «  90 

Noluraf     ^AaH    T  (ttcl 

Ftfl.  4.  a    Fwtor  /  (For  rafonneo  of  ToU*  4.S) 
TaMi  4.5  V«ta»or  H 


Gfoopoo 

Gfonod 

CondiUnu 

Vdu*  off  for  FunteneottlPteiod  T  (mc.) 

1 

^  =  1.25 

foiO.S^T^l.l 

1.40/T 
tot  l.iS^T^2.8 

;3=  0.50 
fori  ^2.4 

3 

/3-  1.2S 

3=  1.7S/T 

foi  1.4^1^3.5 

fori  ^3.5 

3 

fi»  1.2S 

fofO.SSTii.7 

/)-2.IO/T 

for  1.7<Ti4.2 

§'0,iQ 
for  T  lis  4.2 

4 

JI«  1.25 

fbraS<T^2.0 

2.50/T 
for2.0^T£SjO 

P-O.SO 
fbrT^S.I> 

(NOtM) 

1)  R«f*r  to  Fig.  4  2 

2)  Refer  to  Tabic  4.3  regarding  groupt  on  giouiul  conditiont. 

4.4.2  Method  for  Obuining  Fundammttl  fWio4l 

FiuuUmcnul  natural  periods  of  g  biidit  dull  bt  doMmriaed  for  Oo  toAvUMl  lyiMB  oonrfMfBC  of 
■Kh  nMmcinio  a**  tta  port  of  wpciittvetiiiN  wppofM  1»y  It  nl^ 
•  wfaola. 

(1)  Bribes  SupvofM  by  SprndPoHndgfioot  or  nioFowidatloM 

For  those  bridges  which  are  supported  by  ^road  fouadgtlMKOrpOo  foinid«tiOfla,llMfOttndMnnilil 
pf riodi  may  be  obtained  from  Tabl«  4.6. 

Any  fMmulas  in  TiUo  4.6  Aill  apply  to  bridges  in  which  the  level  of  the  baie  of  the  footing  ii 
lower  than  that  of  the  amaid  glOliwl  suffaoe  in  daiign  and  tiM  tf«fiwmuion  of  the  subMractun  U 
mainly  caused  by  the  elntfc  ftoxwal  defonnation  of  the  pier  which  li  the  upper  part  «t  lha 
substructures  above  the  top  of  thp  looting.  Therefore,  they  shall  not  apply  to  bridges  ia^ 
lm«4  of  tiia  haia  of  tha  footing  is  higher  than  that  of  tha  ataumed  ground  surfaca  in  design. 
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TM04.6  Fundamental  Periods  of  Bridges  Supported  by 
Spread  Foundations  or  Pile  FouiuUtioiu 


Type  of  Structural  Systcoi 

Direc- 
tion 

Fotmulw  for  PundeoMntd  Pciiode 

Material  of  Pier 

Reinforced  Concrete 

Sleel  1 

A  biidte  where  most  super- 
structure! ire  continuous, 
have  fixed  supports  (or  mova- 
ble tuppoits  specified  in 
1      AfUde  S.l  1)  on  raoit  mb- 
structures,  and  a'>  ^  rigid 
abotmeiiti,  to  one  of  which 
th»  extfetne  end  of  the  eupei- 

structures  is  connected  with  a 
fixed  support  (See  Fig.  4.3) 

Tr«n»- 
vetee 

(4.3) 

(4.4) 

Longi- 
tttdinil 

(4.5) 

Other  than  the  above: 
2      For  example,  a  bridge  with 
itmptempportt 

Loi«l- 
tttdinal 

or 
Tians- 
verse 

(4^6) 

^  •  taw* 

H    Matt  SiMMrl 

ric.  «.  S    An  Bkuv)"  ef  Tjve  t «(  SinKiwal  tyeleni  in  lUIn  4.  • 


T  :  Fundamental  period  in  seLond  of  the  tyilen  Conetodat  of  a  miictnictun  and  the  w«(ioa 

of  the  superstructures  which  it  suppofti, 
H'p ;  The  weight  of  the  pier  in  t, 

i*'.:  The  Miihtof  IteieGiioaflf  npemmelmintHwaiM  Ivtt^ 

oomideied, 

E:  :    Young's  modulus  of  the  pier  in  t/m*. 

/ :  :   Moment  of  inertia  of  the  pier  in  n*  in  the  dtiection  considcicd. 

For  plan  «ifh  vairfait  iwtloa  with  the  heifMit,  1  nay  be  an  at erage  va! uc. 

h  :    The  height  of  the  pier  in  m,  and 

g  :    Acceleration  of  gravity  (  -  9.8  m/sec' ). 
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(Note) 

E<i.  (4.4)  shall  jrp'y  to  -hose  bridges  which  htw  a  ratio  of  the  Icnctb  betwaan  lupportc on  bo(k 
abutments  to  the  width  between  outside  girdait,  kss  than  approximately  SO  (wfar  lo  S/b  in  Fig. 
43}. 

<2)  iridfes  Supported  by  Caiim  Powidaliont 

For  those  bridges  which  in  wppofM  »y  calHOB  fo«ifida«imM,  Ow  AmdanMital  pniodi  nuy  b« 
okuinad  (foai  Table  4.7. 


TaMa4.7  PiiiidaM«tal?*iMa«rBTidg««S«ppotndbyCalao«Peaada«ioiia 


lype  ar  SinictMil  tyUMi 

INnetlaii 

FofniMlM  for  FwdiiMBlil  tmMt 

1 

oneofeqs  (4  3)  (or  (4  4),  and  (4.7), 

which  gives  the  largest  value  of  |3 

2 

2  in  Table  4.6 

one  of  eqs.  (4.6)  and  (4.7),  which  gina 

T  -  2ff  /  =  ^  =1-^  —  (^-7) 

'{'^"-16 

where 

T  :  Fuadaroental  period  in  second  of  tite  system  consisting  of  a  substructure  and  the  section 

Of  ite  Mffntmetaiw  mkidi  tt  avpam. 
Wp-.  The  weight  of  til*  pier  int. 

W^:  The  weight  of  the  part  of  superstructures  in  t  supported  by  die  mbetnctme  telig 

consdered, 

Wtt  TIw  weight  oftlw  caisson  foundation  int. 
h  :  Thebelilitorpkriain. 

A  :   Cross-sectional  area  in      at  the  base  of  the  caisson  foundation, 

/f  :  Moment  of  inertia  in  m*  at  tlM  bue  of  the  cainton  foundation  in  the  direction  considered. 
Km''  HoftaonldeoemeMaf  irtpwleneellonint/m'etllMlewloritobMe«rilwc^^ 

foundation, 

Ky  :  Vertical  coefficient  of  subgrade  reaction  in  t/Bi*  at  the  best  of  the  caiMll  fowsdation, 
it;  t  Horizqntal  coefficient  of  subfftde  fitctim  kt  I/m'  for  Aeir  defOHMtiaa  It     baie  cf 

the  caiMoa  (oundetioii,  end 
f  :  AccelatBtioisef  in«rlily<>M)n/aee*  ). 
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CHArTER  5  GENERAL  PROVISIONS  FOR  DESIGN  OF  STRUCTURAL  DETAILS 

5.IC«neral 

Bwry  bridge  structure  or  every  poitioo  thereof  stuU  be  dcsi^aeil  consUuvled  to  letm  lettmic 
rorces  as  provided  in  Chapter  1  thm^  Onptar  4  uMi  to  OlMt  thfl  Pfoviriom  for  deslgii  of  itrnctMral 
deUUs  tptciflad  in  tMi  Chvplw. 

Monom^.  atunHM  ihiU  b«  fMU  to  ifee  foOmirlag  M^Mlii, 
(1)  For  those  abutments  which  are  constincMd    welt  gniuut  laymi,  tlu  f«iliu»  of  the  mniwl  layer 

during  earthquakes  shall  be  checked. 
{2)  Pw  thow  Mdm  in  lAddi  any  adjacent  snbitroetUKt  have  dirreient  trannd  candltlom,  diffeirat 

type  of  structural  systems,  or  different  strucluial  dimensions,  special  aiicntion  shall  be  paid  to  the 

design  of  structural  details,  considering  that  those  two  substructures  may  respond  differently  durii^ 

earthquakes, 

(3)  For  those  portions  such  as  joints  between  supentnictuies  and  Mibstructurae,  oonaectioiis  bctwem 
pien  and  fbtuidationt,  or  oomwctiaw  between  feotingt  and  piles  in  pile  fouiMlatloftt,  wftete  the 

seismic  forces  may  not  be  transmitted  smoothly  and  seismic  failure  have  been  observed  often  in  the 
past,  particular  attention  shall  be  paid  to  the  design  of  structural  details,  considering  mccuncy  of 

)  of  eoMlniotkMi  jointit  accnncy  of  eontlnielioii,  etc. 


5.2  Devices  for  Picventuig  Supcrstruciure  irom  l-aiiing 

Movable  supports  shall  have  stoppers  (special  devices  for  resfsting  Urge  awveroenta  ef 
Npeottuctuns  dniing  cafthQiiakes)  to  prevent  the  supentnicbuca  from  falling  bom  the  substructures, 
eaned  by  the  dlslocatlen  of  the  upper  shoes  of  the  sHpports  from  the  lower  shoes  dunnj  strong 

earthquakes  (refer  to  5.2.1). 

For  the  girder  ends  one  of  the  following  methods  shall  be  employed  as  well  as  the  above-mentioned 


O)  A  method  extending  the  length  Nr'wp-en  the  end  of  the  r^rT'  i '  '  1  the  edge  of  the  substructure  (or 
widenfaig  the  width  of  the  creit  of  the  substructi;:  m  the  longrtudma!  direction  to  the  bridge  axu) 
in  order  to  prevent  the  superstructures  from  falling  from  the  substructorc  (refer  to  5.2.2  or  5.2.3). 

<2)  A  method  connecting  afUacant  girden  oa  tlM  substcuctute  to  pitwant  the  supantructumi  from 
fUlint  tmm  tkt  ittbitfUiiMM  ovwi  if  tbqr  boeana  dialodied  fram  tlia  aubttiaetHn  (lefcr  to  5.2 A}. 

5.2.1  Stoppen  at  Movable  Stipportt 

The  allowable  movable  length  in  the  design  of  stoppers  at  movable  supports  ^hall  be  tssumed  aaCha 
sum  of  the  movement  due  to  tempenuuie  change,  the  movement  due  to  the  deflection  of  tlie  figttt 
when  subjected  to  U«e  load^  ■  aum  for  eoeaiiiigcaiiatfiietioo  ainin.  and  20  nun. 

The  abowfriiieiitioned  pioviiion  naad  not  apply  to  Omm  ttoppen  which  an  not  btttaUad  near  tha 

supports. 


The  horizontal  design  seismic  coeffkieiita  far  Mpiint  ttoppets  thall  be  deMiminad  by  mcraaHitt 
the  horizontal  design  aeismic  coefficient  ghen  by  «4.  (4.1)  ar(4.2)  by  54»»  or  moia. 

5.2.;  Method  of  EKtcndai  tha  Laqdh  batwmi  fha  Bod  of  the  Support  and  die  Edlga  of  the  Sub- 
structure • 

For  thoaa  sBbatmcturaa  which  mugpott  tha  audi  of  |Mer,  the  length  cm)  between  the  end  of 
Aa  support  and  the  ed|e  of  the  mbatneMia.  *all  ba  atpnl  io  or  moie  than  tha  value  tlMm  by  the 
fOllowmg  formulas: 

S'2O*0.SI  forf^lOOn 
^•30«MI  for  f>  100m 
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5 :  Lcntlh  bvtwcen  th«  end  of  the  nipport  md  llie  edge  of  the  subMructuie  in  cn,  md 

1  ■    Span  length  in  meters 
For  particularly  important  bridges  constructed  ui  soft  ground  layers  (Group  4  in  Table  4.3),  the 
«alne  of  S  dttD  be  eqinl  to  35  ca  or  mofc. 

5,2.3  Suipended  Joints 

For  suspended  joints  the  length  between  the  ends  of  girders  shall  be  equal  to  60  cm  or  more,  as 
■hown  In  Fig.  S.l.  The  length  fof  those  bridfet  oonMracted  in  wft  cround  layer  (Group  4  in  Teble  4  J) 
Aaa  be  equal  to  70  ca  or  inoio. 


j; 

Vlf.  5. 1    Lnglk  tataw**  lh»  Bade  af  Mi  OMtra 


S.2.4  Method  of  Connecting  Adjacent  Girders 

Devices  for  connecting  adjacent  girders  on  substructures  shall  have  the  moflUe  length  Ipe tilled  m 
Sectioo  S.2. 1 ,  for  caeea  in  which  at  least  ooe  of  two  aupporu  is  a  movable  one. 

The  devioet  theU  be  designed  lo  nute  fteeiy  to  eOow  the  ntalion  of  the  girder  asbfectnd  to  He* 
loBds»  for  cBiss  in  whidi  both  two  smppoitt  aie  fined  on  one  pier. 

5.3  Vertical  Seismic  Porose  for  Design  of  Conneetions  between  SupeRtractuies  and  Snbstraetnrcs 

The  vertical  design  scsmic  coefficient  for  the  design  of  connections  between  superstructures  and 
substructures  shall  be  aiiutned  uO.  10.  When  the  vertical  design  seismic  coefficient  applies  upward,  only 
seismic  forces  shall  be  considered,  neglecting  the  effects  of  the  dead  loads 

The  same  vahie  of  the  vertical  design  seismic  coefficient  shall  be  employed  for  the  design  of  any 
oonnecttons  simitar  to  the  above. 

5.4  Methods  for  Transmitting  Seismic  Forces  at  Connections  between  SuperMiuclures  and  Subsliuc- 
tiues 

Th  c  method  for  transmitUog  seismic  foreea  at  eonaeeUoa  between  snpetsttMctnies  end  nibalnKhiiee 

shall  be  as  follows: 

(1)  For  caal4»plaoe  lehiforced  ooncRte  bridges,  the  means  of  trammhaion  of  seiimie  foeoea  ihaH  be 

due  to  the  bearing  pressure  between  the  swelling  at  the  base  of  the  lower  shoe  and  the  concrete  at 
the  crest  of  the  substructure.  The  concrete  portion  near  the  base  of  the  lower  shoe  shall  resist 
seismic  forces  as  one  body  together  with  the  pier  of  the  substructure.  In  the  above-mentioned  cases, 
the  means  of  tTanmission  of  seismic  forves  between  the  upper  shoe  and  the  girder  shall  be  diM  to 
the  andion  fwed  on  the  upper  shoe. 

For  a  margin  of  safety,  anchor  bolts  between  the  I  'wc r  shoe  and  the  substructure  shall  be  designed 
to  resiit  seismic  forces  alone,  in  consideration  of  cases  where  no  resisurtkc  between  the  swcllins  at 
the  base  of  the  lower  shoe  and  the  conciele  at  the  ciest  of  the  subsUucture  can  be  expected. 
The  above  method  is  feoonunended  not  only  for  caat-in^plaoe  conciete  bridgss,  bvt.  if  possible,  also 
for  piefabilcntad  conante  hiidgei  or  siecl  bridges. 
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(2)  Iiietwii«lmwb«triii|fniitmwof«OMn«»«tnlwnpMtid.aMl^ 

trajisr'iit  the  v:.::m;L  forces  tn  thfse  ■:ases  one     tht  f.iKi.ming  t*o  ~>r:!i.>Ji  ,hj!1  he  considet«ui  | 

(a)  A  method  ia  which  a  »teet  pUte  with  tochor  bolti  is  tued  lirmly  on  the  ciest  o(  a  aibiUuclun 
«Mto  fiOMMM  k  bdw  pimd.  Md  tlw*  fht  tavw  dm  of  tto  lup^  b 

plate  after  the  erection  of  the  girders. 

(b)  A  method  m  which  a  hole  ii  prepared  when  concrete  it  placed,  a  support  is  set  up  near  the  hole,  J 
iMd  then  anchor  bolts  are  fixed  by  placing  cement  mortar  into  the  hole,  or  a  method  in  which 

aacter  iKrils  MR  tat  19  triiito  ooocnto  la  bfliag  piKad,  and  tlM  tlM  iowor  ib^ 

•MclMrboltt.  ! 

(3)  Anchor  bolts  used  shall  be  15  ]nm  or  more  in  diaiMtM;  aid  lit  daplll«f  tlWHIchoilM(tlflx«d  iB 

the  concrete  siiall  be  10  times  the  diameter  or  more. 

5.5  Devices  Expected  foe  Oecreaaiag  Seismic  Forces 

WtM  My  dwlcai  wblcli  m  eacpected  to  decwn  mIiihIc  fownwmplByd  tothiUm  mwcaim. 

sufficient  irvrsticario"!  ^hs!)  be  conducted  oa  iMr  tllNtiWMMI,  UHl  tpMU  ■tlMtlM  ifell  b« pM  to 

preventini  the  superstructures  from  falling.  ^  ^ 

I' 

CHAPTER  6  MISCELLANEOUS  PROVISIONS  fi 
When  sufficient  reasou  exist,  these  Spccificatioas  need  not  ap^  to  the  design  ot  ondges. 


REFERENCE 

Referftncet  are  1 
(Refereaoe  11 

Specificatioitt  ftir  D«i|B  of 
V«lMM  for  General ) 
Part  3  Design,  Cbaptar^  Loada, 
Section  2.S  Earth  Pressures 

Earth  prettum  acting  oa  •  wall  shall  be  Ihe  dit(hbutc4l  toads  gtveo  by  the  f  oUowmg  lormuUs: 
(l>  Normal  BvOlPtaMim 

(a)  Earth  pressures  acting  on  a  laonHt  «al  dMli|  aonul  tfOM  AlU     dillltlMd  bf  Ihi 
Coukunb's  theory  as  follows: 
0   PorSaady  SoOa 

ID  PwCMMlMSoag 

■  7  •  KfX  *  iCyfKp  + 


(|>)  Earth  pressures  on  a  fixed 


i 
I 
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(2)  Bartb  pressures  during  earthquakes  shall  he  deteiminc4  by  tbe  MonooobeOkabe  mMhod. 

Pa  ■  (•  -*»)7  *  '^f^ 


Fig.  1      Earth  Pressure 

where 

C    •  ColMtioa  of  itM  foil  in  t/m^ , 

K4  :Aetl««e«fthpnanmoo«ffid«BtfbrG(Ndoaib*itai«My, 

A'n     P  =  -5ive  earth  pressure  coefficient  for  Coulomb's  theory, 
f^tA  .  Active  earth  pressure  coefficient  durirtg  earthquakea, 

Kgp'.  fnAn  «tfth  pnmat  eoefflclcM  dwiing  •arthquateit 

Ki  •  Earth  pressure  coefficient  at  rait, 

Vertii;4l  seismic  coefficient, 

Pa  '■  Active  earth  pieinirc  in  t/m'  at  depth  of  x  meten, 

Pp  :  PWMve  earth  pressure  in  t/m'  M  d«pUl  of  X  OMlMl, 

9  :  Surcharge  in  t/m*  on  ground  nuftce. 
X      Arhiiar>  depth  in  meters, 

o  :  Angle  between  Ihc  groua4  (urface  tioc  and  lh«  horizonlal  liM, 

y  :UntweV>lortheaoilint/in'. 

S  :  Angle  of  friction  between  the  wall  and  the  soil, 

^  :  Angle  of  internal  friction  of  the  soil,  and 

*  :  Angle  between  the  back  Un»  of  the  WaN  end  the  wrtled  Une. 
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cos'  {t>~0) 


J.   iA^x\  fi  ^  /an  «;>*5)  fin  C»  -  a)l~' 


cot 


  cot*     -  *o  +  9) 


If.  . .oof*  -•.)  f  I  -  /»>»<'_*>"j»^«-fo)    1  * 

liii(#ttt-0o)-O        whM  ^ta-eo<0 
ndtiiiMMMdtftl 


#«  « tm  *  


A«:     Horitonial  leisinic  cocfficieat 
VtrtkdaiHakeortadMt 

iRefcrcncc  21 

Specificationi  for  Dcacn  of  Substiuctiuet  of  Hkghway  Brulfcs 
Vohune  for  Genenl  Swvqr  Mid  IMgB 
Pan  3  Design,  Chapter  2  Load* 
Section  2.7  Buoyancy  or  UpUfta 

When  it  is  apparent  MM  twoyMcy  fsNM  QT  h^UUm  ict  «n  itnicanw,  (iHjr  ihiU  lM  taliM  iolo 
weoant  ill  llM  I 


(Comments) 

When  it  it  unknown  whethci  they  act  or  not,  both  catet  shall  be  taken  into  account  in  the 


II 
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OS  SPECIFICATIONS  FOR  BARTHOUAKE-RESISTANT  DESIGK 
OF  THE  HONSHU-SHIKOKU  BRIDGES  (JSCS  1974) 

by 

Ishio  Kawasaki 
Director,  Honshu-Shikoku  Bridge  Authority 

and 

Biiehi  Xuxbayaahl 

Chief*  Earthquake  Enqlneerinq  Rastiarch  SactiOQ 
Public  Works  Research  Institute 
Kinlstry  of  Oonstruction 


Vka  folloiriiig  deaoEibas  the  general  apeeificatlons  for  aarthqaaka  raaiatant  decign 
of  tba  Boftditt-ShiJuiku  Bridgea,  aa  developed  by  J8CE  in  1974,  after  aignlf leant  atudy. 


Key  Words:    Brldgea;  Earthquake  Design^  Earthquake  Forcea;  SpecificatioQa;  Selaaile  Provlalona. 


VIlI-31 


Digrtized  by  Google 


Introduction 

The  Japan  Society  of  Civil  BngiiiMrs  iasiMd  "QpMlfications  for  B«ythqua)c«-Il»0i«t«nt 
DMign  of  tlie  aonshu-aiikoku  Bridges"      in  My*  1967.    The  ^eificatlona  wttre  devaloped 
by  JSCB*tt  8iib-Com»ittee   (Cheinnni   Profeeaor  Shunao  Okanoto),  vtdxHx  exleted  for*  a 
five  year  period.    The  coanittee  staxed  in  1962  with  a  comission  jointly  froai  tiie 
HlAlatry  of  Oonatmction  and  the  Japanese  National  BailMays  (the  Japan  Railways  Oonstruo- 
tion  Public  Oozporation  took  over  the  work  of  JHR  after  Marchf  1964} .    In  Kayt  1970  three 
years  after  the  ooavletion  of  the  above  S^ifications  (1967),  th9  Baxthiiuake  Bngineeriiif 
Goanittee  (Standing  Coasdttee)  of  the  J8CE  established  a  Joint  Naeting  for  Studying  Baxth- 
quake^Rssistant  Design  of  t)>e  Honshu-Shlkoka  Bridges  (Chalznani    Professor  Shunso  Okaaoto)^ 
and  to  consider  future  research  needs.    The  Joint  Meeting  was  organissd  in  cooperation 
with  tiie  regular  nentoers  of  the  Earthquake  Snginewring  Oaaoittea,  the  staff  Msdbers  of  the 
J^pan  Highway  Public  Corporation,  the  Japan  Railways  Construction  Public  Corporation  and 
the  Honshu  Shikoku  Bridge  Authority  (the  Authority  was  established  in  July,  1970) .  and 
experts  from  various  organizations.    The  coaaittee  attenpted  to  iiiprov«  the  Specifications 
(1967)  in  view  of  recent  progress  in  the  area,  and  presented  in  June,  1971  a  report 
suramari?.ing  the  i-osults  of  its  research  activity. 

Furthermore,  with  a  conanission  from  the  Honshu-Shikoku  Bridge  Authority,   the  JSCE 
estabiishtiii  a  Research  Sub-Committee  on  Ear thquake-Kesistant  Design  of  the  Honshu-Shikoku 
Bridges   (Cliairman:     Professor  Keizaburo  Kubo)    in  June,   1971.     The  Research  Sub-Cfimmittees 
charge  was  to  amend  the  Specifications  for  Earthquake- Resistant  i:iefiign  of  the  Uonshu- 
Shikoku  Bridges  (1967)  and  also  to  clari^  the  design  procedure  details*    The  Reseaxoh 
Sub-CGORittee  studios  showsd  that  the  following  three  subjects  Should  b«  investigated 
extsnsivelyi 

1)  Evaluation  of  seismic  forees'>Bffeets  of  near  earthquakes  on  structures,  effects 
of  long-period  ground  actions  and  their  aeasuring  systeais,  factors  to  be  oonsld*' 
ered  in  determining  the  magnitude  of  seismic  forces,  etc. 

2)  Evaluation  of  dynamic  characteristics  of  soils  and  foundations— Dynamic  charaeter- 
istios  of  nnlti-eolumn  foundations  and  oaisson  foundations  with  an  i^vhasis  in 
obtaining  a  design  procedure  bcwed  on  dynamic  analysis  of  foundations,  inveotigsr 
tions  on  earthquake-resistant  design  practices  for  foundations,  etc. 

3}  Earthquake-resistant  design  practices  for  bridges  with  span  length  of  200  m  or 
more  (such  as  suspension  bridges,  trxiss  bridges,  etc). 

The  Research  Sub-Committee  concluded  investigations  on  those  subjects  by  March,  1974, 
and  recently  published  the  final  report'^'.    The  report  proposes  revised  specifications 
for  Earthquake- Resistant  Design  of  the  Honshu-Shikoku  Bridges    (1974).     Although  the  new 
Specifications  (1^74)  include  thf^  eomrnentary  which  gives  additional  explanations  necessi- 
tated for  design  practices,  the  main  body  of  the  Specifications  will  b«  introduced  hexexii. 
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Sp»cific«tloiiig  for  BartfaqiMfce-lteaiatant  Daaign  of  tint  Ho»>htt-ShSJci61ea  BrUw  (J8C1"19741 
1.  General 

1.1  Scope 

Am  paeovlslone  In  the  Sjpeclficatlons  «pply  to  Mrthquake-xealstant  design  of  the 
naashui-ShllEolcu  bridges. 

1.2  Kotations 

The  following  notation*  are  used  in  the  Stpecificationss 


Notation 
ft 
a 


h 


T 


Definition 

Lateral  eroas-eeetlonal  area  of  a  etructure 

Length  of  cross-section  of  a  structure  In 

the  parallel  direction  tO  that  of  SSisnlC 

motion  consider^ 

Width  of  cross-section  of  a  structure  in 
the  perpendicular  direction  to  that  o£ 
seisaiic  action  considered 

Depth  of  water 

Oainping  ratio 

Design  seisidc  ooeff Icimt 

Itesponse  seisaiic  ooef  f  icimt 

Response  acceleration  spectrum 

Ke^cnse  velocity  spectmn 

Natural  period  of  a  structure 

Any  depth  below  the  surface  of  water 
or  ground 

Ooef  f  icimt  dependent  on  vibrational 
of  a  structure 


Coefficient  dependent  on  shaps  of  a 
foundation 

Utait  weight  of  sea  water 


Nodiflcation  factors  necessitated  in 

obtaining  design  seismic  coefficient  fr<M 
respoxise  seismic  coefficient 


Onit 
_2 


cm/sec 
e^/sec 
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2.  Earthquake  to  be  Considered  in  Design 

2.1  Earthquake  to  be  Considered  in  Design 

An  earthquake  with  the  following  characteristics  shall  be  considered  in  design i 

1)  Magnitude:    Large-scale  (Namely  around  8  on  the  Richter  scale) 

2)  Location:    Coac>«XRtiv«ly  far  fxcm  the  bridge  sites  (tuunely  oi£  Kii  Penineuia* 

oc  off  Toaa) 

3)  Pxequencyt    Once  or  twice  put  one  hundred  years 

2.2  Design  Ground  Acceleration 

The  maximm  value  of  the  design  ground  acceleration  shall  be  lao  qals  at  the  lew«l 
of  the  surface  of  qround  layers  which  support  foundationa  at  the  bridge  sites. 

3.  Basic  Principle  for  Earthquake-Resistant  Design 
3.1  Method  of  Design  pLlculation 

1)  For  structtures  iriiose  principal  diaensions  are  datenalned  by  sow  requirenents 
oUwr  than  those  by  earthquake  reeietant  design »  the  aodified  seisaic  coeffi- 
cient Mthod  considering  stnietnrai  response  mhtU  be  adapted,    the  resolte 
■hall  generally  be  enminad  through  a  dyunie  analysis. 

2)  Por  structures  idiose  j^ineipal  diawnsions  can  be  detenalnad  by  reqnireMant* 
fron  earthquake-resistant  design*  the  structural  dimensions  shall  be  deterwined 
fay  the  response  speotrun  Method  of  dynaaie  analysis.    In  sudh  cases  the  reeulta 
should  be  exasdned  through  a  nunexical  integration  nethod  of  a  dynanic  analysis. 

4.  Qesign  bv  the  Hodified  ggigintc  Ooefficient  Method  Oonsideriiwr  Structural  imtponse 
4.1  Design  Proeedure 

In  a  deslgur  baaed  on  the  nodified  aeismia  coefficient  nethod  «hen  oonsAdering 
structural  response,  the  seisnic  forces  specific!  in  4.2  and  additional  effects 
specified  in  4.4  Shall  be  taken  into  account  simltaneously. 
4*2  Seisnic  Forces 

Seismic  forces  shall  be  determined  by  the  product  of  structural  dead  weight  and 
the  design  seismic  coefficient.     The  design  seismic  ---efficient  is  provided  in  "4.3 
Design  Seisnic  Coefficient  Considering  Structural  Response." 

4.3  Design  Seismic  Coefficient  Considering  Structural  Response 

4.3.1  Horizontal  Response  Seismic  Coefficient 

The  horizontal  responsG  seismic  coef f icient  (K^^)  shall  be  detemined  ivom  Fig.  1. 
This  figure  was  obtained  by  asauming  the  following  conditions: 

1)  Foundations  are  oonstruoted  directly  on  the  Tertiary  layer  (or  older)  at 
the  site  iriiere  the  surface  Quaternary  layer  is  shallow  or  none. 

2)  Vhe  iMyiwwB  ground  acceleration  for  design  is  expected  to  be  180  gals. 
4*3.2  vssrtical  Response  Seisndc  Coefficient 

The  Vertical  response  seisnic  coefficient  shall  be  generally  the  half  of  the 
horiaontal  response  seisnic  coefficient. 

4.3.3  Design  Seisnic  Ooeffici«it  Considering  Structural  Response 

Ihe  design  seisnic  coefficient,  aonsidering  structural  response»  shall  be  deter- 

nined  by  the  following  f omnia: 
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K_  =  U*U*W'U*M'K 


2 


Design  seismic  coefficient  considering  stmcturel  response 

Response  seismic  coefficient  (see  Fig.  1)  dependent  on  structural 

type  and  the  predomirvant  natural  period. 

Modification  factor  dependent  on  the  maximsi  ground  ecceler&tion  for 
design  {y^>1.0  for  the  case  of  100  gals) 

Hodif icetion  factor  to  cover  tike  inf loences  of  tlie  higher  isodes 


y  :    Nodifiestion  feotor  to  apply  equivalent  unifom  seianie  loads 

y  :    Modification  factor  to  cover  tbm  case  irtiere  the  direction  of  structural 
^     response  is  perpendicular  to  that  of  seianie  motion  applied, 

Vi^  r  Modification  factor  to  be  adjusted  by  mgineurlng  judgnent* 

ihe  predowinant  natural  period  herein  is  the  natural  period  corraqonding  to  a 
vibration  node  iihoee  re^cose  (atress  or  displaoenent)  ia  the  most  prsdominsnt  in 
reactive  structural  mbers.    This  ^adoainsnt  natural  period  does  not  neoessar* 
ily  coincide  with  the  fundamental  period. 
4.4  JkMitional  Ef facte  to  be  Considered  in  Design 

4.4.1  Effects  of  Ground  Keaetlons  on  Uie  Structural  Bsi^onse  and  Stresses 

m  avaluating  the  effects  ^  the  surrounding  soil  on  tba  structural  response 
and  stresses,  ground  reactions  shall  be  taken  into  account  as  the  product  of 
the  structural  displacement  relative  to  the  ground  and  the  aipring  constant  of 

the  ground. 

4.4.2  Effects  of  Surrounding  Soil  and  Water  on  Structural  Response 

1)  The  surrounding  soil  will  effect  the  structural  response.    Therefore  the 
spring  and  damping  factors  shall  be  taken  into  account.     The  naas  effect  o£ 
the  soil,  however,  may  generally  be  neglected. 

2)  The  effects  of  water  shall  be  taken  into  account  by  applying  the  virtvjal  or 
added  mass,  as  described  in  "5.5  Effects  of  Surrounding  Water  on  Structural 
Sasponae". 

S.    Pynamie  inalyaia 

5.1  Methods  of  JInalysia 

She  following  methoda  shall  be  eav^lored  in  the  dynamic  analysis  to  cbtain  the 
structural  response* 

1)  Response  «i>eetrun  methodt   Calculate  the  wntiwum  values  of  the  structural 
earthqqatBe  response  based  on  the  re^onse  aoeeleratlon  spectra  specified  in  5.3. 

2)  numerical  integration  method  i    Calculate  the  tine  history  of  the  structural 
earthquaika  response  based  on  specific  seisnic  notions  pacified  in  5.4. 

5.2  Application  of  Oynanic  JInalysis 

In  perfeming  the  earthquake-resistant  design  of  structures »  the  dynanic  analysis 
ahall  be  enployed  in  t3ie  following  waysi 

1}  The  design  results  obtained  by  using  the  modified  seismic  coefficient  method 

considering  structural  response  or  t3am  seleaio  coefficient  method  are 

exanined  by  the  dynamic  analysis. 
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2)  Vhm  raqpODM  apeetnm  Mtiiod  of  ttgtimiie  «iMilysiji  Is  employed  for  atzueturai 
nhoM  dlaamlon  can  ba  asauMd  by  nonul  loads,   tha  struatwal  diMDsioiia 
dstandnsd  by  tbls  jpsoooduni  ars  tbaii  aKaainad  by  tiM  nvvarleal  lntagrati«n 

5.3  K^ponaa  Aooalaratlon  ^aatzuB  for  DynaBio  Jkaalysia 

Tbm  raaponaa  aooalaratlcn  qpaotzal  ourvas  ahoan  In  FI9.  2  shall  apply  to  tba 
taaponsa  ^paetxui  satliod  of  dynaaio  anslyaU  qpaoifiad  In  5.1^^' 

5.4  Saianie  Ground  Notion  f6r  Qynaale  Analysis 

saisale  9ro«yad  aot&ons  ttsad  for  tha  nmsriml  intagratiott  aatiiod  of  dynaaio  anal- 

(21 

yais  apaeifiad  in  5*1  '  shall  ba  aithar  of  tttm  fallowing,  thm  naxinm  accalaratieo 
shall  ba  adjusted  to  160  gals  by  paraportioniag  tha  various  original  acoelecation  xa- 

OOKdS. 

1)  Typical  seismic  records  obtained  near  the  bridge  sites 

2)  Strong  motion  records  obtained  at  El  Centro  in  1940. 

5.5  Effects  of  the  Mass  of  the  Surrounding  Soil  on  the  Structural  Response 

In  the  dynamic  analysis  of  substructoraSt  the  «£<*ctS  Of  tha  naas  Of  the  BOiX 

on  the  response  may  generally  neglected. 

5.6  Effects  of  Surrounding  Water  on  the  Structural  Response 

For  the  portion  of  the  structure  which  is  in  water,  the  virtual  mass  of  the 
water  converted  from  the  hydrodynamic  pressure    shall  be  considered  by  the  followixig 
fonnilai 


aharat 

l^t    Virtual  mass  (or  added  mass)  per  anlt  width  at  the  depth  of  x  below  the 

water  surface  (t  8ec2/m2) 

as    Coefficient  dependent  on  vibrational  mode  of  the  stmctare 
0<    Coefficient  dependent  on  sh«pe  of  tha  foundation 

1)  B  -  for  tha  ease  of  J  <  2 

2)  8  -  7  (0.7  -  tIj)  for  tba  oaaa  of  2  <  J  <  4 

a  lOa  =  a  = 

-y^t   Ikiit  weight  of  the  aea  water  ttM^} 
At    Lateral  cxoss-saotional  area  of  the  foundation 
gi   Gravity  of  aooelaratlon  (-9.8  w/t»e^} 

ai    Length  of  cross-section  of  the  foundation  in  the  parallel  ditactioa  tO 

that  of  the  seismic  motion  considered  (m) 

b:    Width  of  cross-section  of  the  foundation  in  the  perpendicular  direction 
to  tiiat  of  ttie  sat  sal  «i  aotion  censidarad  (n) 

dl   D&pQi  of  water  at  tha  site  (n> 
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S.7  Dynamic  Ctwracterlstics  of  Structures 

1)  The  DlTMitloas  of  selsnlc  Notion  to  be  considered  avej 

Olrctlona  of  Sftianic  notion  to  be  considered  in  dynanic  axialyeis  shall  be 
longitudinel,  transverse,  and  vertical. 

2)  Natural  Frequencies  and  Mode  Shaipest 

The  structural  earthquake  response  shall  be  analyzed  by  taking  into  account 
the  order  of  the  natural  frequencies  and  the  corresponding  mode  shapes.  Tliese 
conditions  are  necessary  in  order  to  obtain  the  precise  maximuin  response  in 
the  special  consideration  for  arection  and  coiiic>leted  construction. 

3)  Damping  ratios: 

The  daiinjxng  ratios,  used  Lol  dyaainic  analysis,  shall  be  determined  in  view 
of  the  results  of  the  appropriate  investigations. 
6.    Safety  Oonsideraticms  in  Barthqw>Ke»»e«iBtant  fleaign 
6.1  Factors  of  Safety  in  the  Modified  Seismic  Coefficient  Method  Considering 

Structural  Rs^onss 
6.6.1  coobinatioa  of  Loads 

For  superstructure  I   Dead  Load  -i-  live  Load  during  earthquake  4  effects  of  tesi- 


Por  substructure!       Loads  from  superstructure  +  deal  load  *  soil  pressure  -f 

water  pressure  *  buoyancy  or  uplift  4  seissdc  effects 

6.1.2  Increase  in  Allowable  Stresses  for  Steel  Superstructure 

The  Increase  in  the  allowable  stresses  for  steel  suiperstnictures  in  earthquake 
resistant  design    shall  be  as  followss 

For  suspension  bridges  and  long-span  bridge:  1.5 
For  bridges  other  than  the  above:  1.7 

6.1.3  Stability  of  Substructures 

(1)  Allowable  bearing  capacities  of  soil:    The  ultimate  bear inq  capacity  of  soil 
shall  be  evaluated  in  accordance  with  the  Specifications  for  Design  of 
Substructures  of  Highway  Bridges-Volume  for  Design  u£  ipieaa  i'ootidations 
(issued  by  the  Japan  Road  Association) .    The  minimum  values  of  the  allowable 
bearing  capacities  shall  be  obtained  by  dividing  the  ultiaate  bearing 
capacities  by  the  factors  of  safety  specified  in  Table  1. 

(2)  Stability  for  overturning 

In  nomal  design,  the  position  of  the  resultant  force  acting  OO  the  founda- 
tion base  shall  be  located  within  the  ndddle  third  of  the  base.    In  earth- 
quake-resistant design  the  force  shall  be  located  within  the  middle  two 
thirds  of  the  base.    Wien  the  position  of  the  resultant  farce*  for  the 
earthquake-resistant  design.  Is  outside  of  the  middle  two  thirds,  stability 
and  defomation  of  ground  and  structures  shall  be  examined. 


perature  change  seismic  effects  ■*■  effects  of  movements  of 
supports  *■  affects  of  erection  errors. 
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(3)  st^ilii^  for  slidlag 

Hw  vUdiDg  xvaiatane*  ««  ^  faoadatioii  bM«  Chall  b«  aivalMtcd  la 
acoordanoa  with  tha  SSpaoifioatlaoa  for  Daalgn  of  abbatzucturaa  of  BL^hHar 
Brldgea-Vbliiie  for  $praad  Foundation  (iaaaed  br  tha  Ja;pan  Road  Jtaaoclatleii)  * 
Vha  fraotairaa  aafaty  for  alidlag  ahall  ba  provldad  in  Tabla  2. 

(4)  Displacement  Standaxda  for  sabatructurea 

Displacements  of  substructures  ahall  ba  gaoarally  laaa  than  tha  dlapl act  want 

standards  provided  i    Table  3. 
6>2  Factors  of  Safety  in  the  Design  Based  on  I>/nanic  Analysis 

Factors  of  Safety,  of  the  design  using  the  dynamic  analysis,  ahall  be  in  accord- 
ance with  the  proviaiona  in  6.1. 
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Direction  of 
Seismic  Motion 


Fig.  3.    Virtual  mass  of  water 
Table  1.  Factors  of  Safety  for  Bearing  Capacities 


Construction  Manner  of  Foundation  Base 

Under  Water 

Normal  Design 

li.O 

4.5 

Earthquake-Resistant 
Design 

2.0 

3.0 

Table  2,    Factors  of  Safety  for  Sliding 

Construction  Mann   ■           >  -i  !  i' :  :i  Ba  =  e 

Dry 

Under  Water 

Normal  Design 

2.0 

2.5 

Earthciaake-Reslstant 
Design 

1.2 

1.5 

Table  3.  Displacement  Standards  for  Substructures 

Suspension  Bridges 

Otlier  HridfTes 

Abutments 

Tower  Foundations 

Horizontal  displace- 
ment at  the  level  of 
ground  surface  (cm) 

Horizontal 
displacement  at 
the  Saddle  Position 
(cm) 

Rotation  at  the  tower 
base 

«  •  0.  017* 

»  0,0055*  +  2 

9  -  1 

/  :  central  span  length  (m) 
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ABSTBACr 

The  design  standards  for  port  structures  have  been  compiled  four  times  in  Japan. 
In  these  design  standards,  provisions  on  earthquake  resistant  design  o£  wharves  are 
included. 

In  19S0  the!  firat  daalgn  atandazd  waa  pdbllaliadf  and  la  1959  and  1967  new  dealgn 
atandacda  as  an  e^paiiaton  of  pvaoading  one  waca  oonpllaci.  Thoaa  aesign  atandaisaa  were 
zacogniaad  as  the  aoat  advanced  daalgn  proeaduza  in  the  tiaaa  and  uaad  very  widely  fov 
deaign  of  port  atxuotuzaa.    Uoweiver,  the  ataadazds  wese  not  cttlatad  to  any  law. 

In  1973  Port  and  Bacboiir  law  was  ravissd  aad  to  saewra  the  a*fety  in  porta  it 
waa  aasignad  to  oatabliah  anginaerinig  requisaaMnt  of  faoilitlaa   in  porta.    The  require- 
■ent  haa  been  effective  ainoe  1974  and  the  eartliquBka  reaiatant  design  of  the  facilities 
are  apeoifiad  in  it. 


Kqp  Mordat   struoturee*  PortSf  HarbotSt  design*  apseifioatiaas«  earthquakea. 
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1.  Intzodiictlon 

A  port  ±9  an  iiit«seom«etion  tetmvn        transportation  and  land  transportatioiii 
and  1»  an  assttttial  part  in  th«  activity  of  our  inodsm  sociaty.   Loss  or  avian  partial 
danag*  of  a  portf  dua  to  an  sartltquakOf  causes  ssrlous   ffact  on  tha  activities  of  a  oan- 
ninity.   This  is  aspeeiaUy  tnia  after  a  destructive  earthquaket  as  the  port  is  required 
to  function  for  transportation  of  energeney  goods  and  Baterials  for  reoonstruetlon  of  dan- 
aged  facilities* 

During  past  eazthquakeSf  however «  serious  damage  to  port  facilities  has  been 
ei^rienoed.    For  instance,  Iji  the  Hiigata  earthquake  of  JUna  16,  1969.  tiliicfa  had  a  iMgnl- 
tude  7.5,  the  daeage  to  the  port  facilities  in  the  Nligata  port  cost  22  billion  yen. 
Mharves  axe  najor  facilities  in  a  port,  and  aany  vbarves  axe  eaxth  retaining  structures 
suidh  as  a  gravily  type  quay  wall  and  a  aheel^ile  bulkhead.    These  structures  support 
large  soil  areas  which  sove  in  «  very  coHiplex  manner  during  earthquakes.   Shis  is  one  of 
the  reasons  %iliy  the  port  faoilitles  were  greatly  affected  by  past  earthquakes. 

Because  of  these  circumstances,  intensive  efforts  have  been  made  by  port  engi- 
neers to  increase  the  aseismicity  of  port  facilities,  with  a  ninlnum  increase  of  construc- 
tion cost,  which  was  acceptable  to  the  community. 

In  this  paper,  the  basic  requirements  and  procedures  for  earthquake  resistant 
design  of  port  facilities  will  be  presented.     It  is  well  known  that  a  large  variety  of 
structures  surrounding  a  port  exists;  however,  in  this  paper,  thQ  authors  will  limit  the 
discussion  to  sea  walls,  piers,  etc.,  and  those  types  of  structures  which  exist  only  in  a 
port.    Therefore,  the  term  "port  structures"  will  mean  such  structures.     In  this  report, 
the  design  standard  means  a  con^llation  of  typical  procedures  and  considerations.  Such 
staadanta  would  be  allowable  stresses  and  factors  of  safe^  for  designing  port  strueturss. 
fhese  design  standards  have  been  published  previously  four  times  in  Japan,  and  their 
degrees  of  restriction  to  actual  designs  differ  according  to  end)  piiblleatioo. 

2.  History  of  Deeign  standard 

The  first  design  standard  for  the  port  structure  was  published  by  the  Japan  Port 
and  Harbour  Association  in  1950,  and  was  called  "Manual  of  Harbour  Construction  WOrk 
(Title  in  Jspeneaei    Kowan  Xoji  Sekkei  Shiho  Yoran)"'^^.    She  manual  consisted  of  three 
ports  I  namely  the  reocasMndatlons  for  design  of  quiior  walls  and  piers,  the  recanmendations 
for  plenning  and  execution  of  dredging  and  fill-qp,  and  the  reooHamdations  for  design  of 
breakwaters. 

In  the  reccnmndations  for  design  of  quay  %nlls  snd  piers  t  relative  to  earthquake 
resistant  design,  inertia  force,  earthpressure  and  dynamic  water  pressure  ware  considered. 
For  the  estimation  of  the  earthpressure  Aufag  enrtiigMdass,  a  formula  proposed  by  Matsuo 
bassd  on  his  experimental  stu^r^^^  was  adopted.   Kowever,  Honcnobe-Okabe's  formula^^^ 
fdc  earth^sessure  during  eaxthqiaakea  was  also  eiqtlained  as  an  t^plicabie  fomula. 

Hie  second  design  standard  for  the  port  structure  was  published  by  the  Japan  Port 
and  Harbour  Association  in  1959,  called  "Pesign  Manual  for  Barbour  Construction  Mork 
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(Title  In  Japaneaet  Kbvan  Koji  SdcKei  Yoraii)     .    Ibia  document  has  been  called  the 
"Orean  Book*  by  port  anglnoartt  beeauM  of  the  coiM  of  the  cover. 

m  the  "Green  Book"  the  area  of  Japan  was  divided  Into  three  eegieas  end  e  eeiaale 
coefficient  mm  apeelfied  for  ea<dk  region.    The  fonnila  to  eetiBate  earthpceeeuref  during 
eartbquekesf  oonsiated  of  Mononobe-Klluibe't  feraule. 

ihe  tiiird  design  atandaxd  was  published  also  bf  the  Jepan  Poxt  and  Hexteor 

■  i 

Assooiation  In  1967#  and  was  called  "Design  Manual  of  Harbour  Structures  In  Japan  (Title 
in  Japanese:  Kowan  Kozobutsu  Sekkel  Kijun) .    Tbia  design  standard  had  various  unique 
characteristics,  in  comparison  to  the  pKeviottS  two  design  standards.    The  first  quality 
was  that  the  third  design  standard  presented  procedures  for  the  design  of  the  structures, 
such  that  even  a  less  experienced  engineer  could  design  the  structures  without  any  other 
textbook,  and  it  also  prfiSfir.tod  to  the  onginoers  the  background  information  on  the 
procedures.     As  a  result,  t'r.a  third  design  standard  has  becosie  a  publication  ot  os&y  pagss 
and  has  the  characteristics  o£  a  specialized  textbook. 

The  second  quality  was  that  tiie  tMzd  design  standard  was  to  be  revised  r«9iilarly« 
In  order  to  introdnoe  results  of  the  vest  recent  researdi  and  teOhnological  develoiiints « 
In  order  to  pudce  sMh  a  oooditlan  pessihle  and  easier »  the  dealgn  stsndazd  was  of«pl,1ed 
SQCh  that  any  page  could  be  replaced  by  •  newly  printed  page. 

Itae  pcovisionB  in  the  third  design  staadazd«  regarding  earthquake  resistwit  design^ 
weve  presented  at  tiie  First  Joint  Masting,  O.S. -Jepan  Panel  on  wind  and  fteisiaio  Bffeotaf 

tUKB^^' ,  and  at  the  Second  Joint  Meeting  relative  to  the  conents  on  the  revision  of  the 

(7) 

of  the  third  design  standard 

The  third  design  standard  described  previously  was  recognired  as  the  best  pro- 
cedure at  that  time  by  the  port  cnginesrs.  Most  o£  the  port  struotures  were  designed 
according  to  these  design  standards. 

3.        Engineering  Requirement  by  Port  and  Harbour  Law 

In  1973  the  Port  axiA  Harbour  Law  was  revised.'   Because  of  social  demands  on  the 
safety  of  facilities  in  ports  and  harbours,  the  ministry  estciblished  engineering  require- 
ments on  facilities  which  were  to  be  constructed  in  ports  and  harbours.     In  1974,  these 
engineering  requirements  were  established  as  Ordinance  No.   30  by  the  Ministry  of  Transport, 
which  prescribes  that  the  facilities  in  ports  and  hart  ours  must  be  safe  against  earthquakes 
as  well  as  dead  load,  water  pressure,  wave  force,  surcharge,  impact  and  drag  due  to  ships, 
etc.     However,  details  on  earthquake  resistant  design,  such  as  design  procedures,  faotocs 
of  safety,  and  allowable  stresses,  have  not  been  given  in  the  ordinance,  but  were 
specified  in  an  order  by  the  Director  General  of  Bureau  of  Port  and  Harbours .  Such 
a  legal  Cretan  was  dmsen  because  considerable  progress  in  earthquake  resistant  design 
is  eq^ectsd  in  the  near  fntuse*  end  flexibility  to  veviae  the  requirvasnts  is  aeoeesery* 

Wen  in  the  order  of  the  Director  of  Bureau  of  Forts  and  Harbours  only  i^ortant 
points  are  spsoified.    therefore,  it  ie  reccewended  that  the  third  design  standard  ehonld 
be  ueed  as  a  supplenent  to  this  order. 


VI 11-44 


The  basic  consideration  of  earthquake  resistant  desi>-;n  of  struct'.jres ,  constructed 
mainly  in  ports,  is  the  seismic  coefficient  n-.othodj  howeveri  earthquake  resistant  design 
depending  on  dynamic  analysis  is  also  acceptable. 


EarthquaJce  Resistant  Design  in  tJic  Requirement 


In  this  section  the  earthqucUce  resistant  design,  specified  in  the  engineering  re- 
quirements, will  be  described.    However,  the  following  are  not  a  translation  of  the  pro- 
visions, but  an  explanation  of  the  earthquake  resistant  design.    The  provisions  are 

(8) 

available  in  the  separate  publication 
4.1      Design  Earthquake  Load 

1)  Barthqualce  load 

thm  MTthqaaka  loads  acting  on  port  structures  should  be  calculated  by  the  following 
foraulaSf  «di«re  tdw  nost  sevare  ocnditioits  should  ba  chosen. 

i)    fiarthquaXe  load  «  Dead  load  x  SelsBie  coefficient 
ii)   Barthquaka  load  -  (Dead  load  *  Surdiarga)  x  saisade  coefficient 

saiSMic  ooaffieiant  Is  defined  in  ths  next  paragraph. 

2)  SeisRic  coefficient 

The  saisBic  ooaffiolMt  should  ba  caleolated  by  the  following  foxmla,  taking 
regional  seianicity,  foundation  soil  and  iaportanoe  of  the  structure  into  consideration. 

Seisnie  ooaffieiant  >  Regional  aeiSBde  coefficient  x  Factor  for  stibsoil  condition  x 


In  general  the  earthquake  load  is  applied  horizontally  at  the  center  of  gravity  of  the 
structure.     The  earthquake  load  in  the  vertical  direction  is  not  considered,  with  the 
exception  of  those  special  structures  which  are  influenced  by  a  vertical  load.  The 
seismic  coefficient  should  be  calculated  to  two  decimal  places,  where  the  last  digit  is 
set  equal  to  O.I,  if  equal  to  or  greater  than  0.08;  if  the  digit  is  between  0.07  and 
0.03  set  the  value  equal  to  COS. 

3)    Btgional  seisnlc  ooeCficient 

Standard  values  of  the  regional  seisaic  oooffioient  axe  tabulated  in  Table  1.  The 
seiamie  coefficient  in  a  region  whiish  is  not  described  in  Table  1  is  determined  consider* 
Ing  seiaaicity  of  the  region  and  the  regional  seisnie  coefficients  in  the  neighboring 
regions  as  given  in  Table  1. 

Pig.  1  «hoMS  the  regional  seisnie  coefficient  and  Fig.  2  the  eiqpectad  naximun 
•eeeleration  of  earthfoakes  in  the  next  75  years  eatlnatad  by  Kavaauai. 


Inipcnrtance  factor 
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4)  PftotOE  for  Bolbfloil  condition 

Hie  standavd  value  of  the  factor  fbr  sttfMoil  eenditieii  ahoold  be  deterwlned  aa 

shown  in  Table  2. 

The  classification  of  the  subsoil  condition  should  be  assigned  as  shovm  in  Table  9r  con- 
aidering  the  tt^ickneaa  of  the  quatecnary  d^poait  and  the  kind  of  subaoil. 

5)  Factor  depending  on  l^ortance  of  atmotiuDa 

The  atandard  value  of  the  factor  relative  to  the  iavertanoe  of  tiie  atrueture 
ahottid  be  deteKBlned  by  lable  4. 

4.2     Baxthpreaaure  in  an  Barthquaka 

lateral  earthpresaure  of  aandy  aoil  in  earttquiakea  ia  ooaiputed  by  uaing  Wononotoa- 
Okabe'a  focmla  nhidh  ia  derived  froai  Oeulonb'a  fontola  by  atatieally  applying  the  earth- 
Viake  load  to  the  aoil  aaaa  in  queaticn.   vor  horiaontal  ground  auxfaee*  the  fomala  ia 
aa  ahoNn  in  (Fig.  3). 

vharer  p  t  intenaity  of  lateral  earthpreeaure  in  earthquiafcea  {t/m  ) 

2 

w  I  intenaity  of  unifom  load  on  tiM  ground  aurface  [t/m  ) 
k  t  aeianio  coefficient 

^  t  angle  of  internal  friction  of  aandy  aoil  (*) 


for  peurticuletrly  good  backfill  ...40° 
Y  :  unit  weight  of  soil  (t/m^) ;  buoyed  unit  weight  ahould  be  oaed  below  water 

level  and  the  following  are  the  standards: 
above  water  table  in  backfill     . . .l.Bt/m^ 
below  water  table  in  backfill  ...l.Ot/m^ 
h    s   depth  from  the  ground  surface  (in) 
K  :  coefficient  of  lateral  carthpressure 
y   :  angle  between  wall  surface  and  the  vertical  (') 
d  I  angle  of  frlotloB  between  aoil  and  wall  (*)>  uaually  )6|  15* 
6  «  angle  given  by  the  folloiili^  equationai  Ohuuh'^  k  or  d^tan'^* 
C  t  angle  between  failure  aurface  and  hcKiaeo  (*) 

In  Bqa.  (2)  and  (3) «  upper  eigne  are  for  active  and  paaaive  earthipxeaaure  for 
typical  valuee  of  4  and  6  are  ttbrnm  in  Figs*  4  and  5  reapaetively. 

For  backfill*  in  layera  (w  •«-  y  h)  in  Bg.  (1) ,  theae  tenna  ahould  be  replaced  by 
the  vertical  effective  atreea.    Below  the  mtivc  table  the  anparant  aeiande  coefficiant 
ahould  be  used,    in  calculation  of  the  vertical  effective  atreaa  the  bouyed  unit  weight 
of  aoil  ia  uaed*  thia  causae  a  analler  eatination  of  the  eazthqnake  load  acting  on  the 
aoil  naaa,  sinea  the  weight  of  aoil  naaa  in  ttia  air  ahould  be  nultiplied  by  the  aeia^ 
coefficient.    The  apparent  seismic  coefficient'  ccnpenaatea  the  difference,    ^e  apparent 
seismic  coefficiant  ia  given  fay  the  following  equation. 


for  general  case 


...20' 


where;  k':  apparent  seismic  coefficient 

Y':  unit  weight  of  saturated  soil  (t/m^) 


<4> 
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4.3>     C"/nainic  Water  PresB'jre 

Rigid  wall-  and  colimn- like-  structures  facinf:  the  water  arc  designed  by  taking  the 
dynamic  water  pressure  into  consider.it j on .     Hovever ,  the  structure  is  retaining  soil  and 
the  earthpressure  is  calculated  by  Xononobe-okabe's  formula  with  the  apparent  s^:'ismic 
coefficient,  where  the  dyneunic  water  pressure  is  not  considered  m  the  design  caltuia- 
tion.    The  reasons  for  this  assumption  are:  first,  when  the  apparent  seismic  coefficient 
is  applied  for  the  earthpressure  calculation  the  inertia  force  due  to  pore-water  hcLS 
already  been  considered.    Also  experience  from  structural  performance  during  past 
earthquakes  do  not  indicate  the  necessity  to  consider  the  dynamic  water  pressure  acting 
on  tin  fao*  of  th*  oarth  supporting  stmcturas. 

4.4.  AlloMable  Stxeaaas 

AllOMabla  stxttBaas  of  tha  natarlals  ara  datamined  as  ahoim  in  Tables  5  tlieoiagh  9. 
AllowSbla  stress  of  tla  rods  mist  be  aqual  to  or  balow  40  paroant  of  the  oartif lad 
yielding  strass. 

Allowsbla  stresses  of  steal  and  coneratef  for  short  period  load  such  as  aarthquaka 
load*  Mty  ba  acpial  to  or  SMllar  than  l.S  tiMs  of  tha  allotrabla  strassas  in  aomal 
oondition. 

4.5.  sarthepiaka  Basistant  Design  Based  npon  Sjpaclal  Study 

Mhen  the  seismic  ooaff ieiant  is  datamined  from  oonaldaratimi  of  a  survey  on 
saisaioi^  of  the  region#  and  from  the  characteristics  of  earthquake  motion  and 
response  characteristics  of  the  ground  against  aarthq^akaSf  the  requirenent  described  in 

4*1  need  not  be  applied  to  design. 

\^hon  the  earthquake  resistant  dosiqn  is  confirtned  by  consideration  of  the  dynamic 
characteristics  of  the  structure  and  the  investigation  on  the  response  analysis  for  the 
structure  against  earthquakes,   the  requirement  described  in  4.1  need  not  be  applied. 

It  is  advised  that  in  case  of  necessity  the  earthquake  resistant  design  is  con- 
firmed by  the  consideration  of  the  dynamic  characteristics  of  the  structure  and  the 
investigation  on  the  response  analysis  against  earthquake. 

4.6    Structures  Other  Itian  Port  Structures 

structures  other  than  port  structures  are  normally  designed  by  the  design  standards 
established  for  each  type  of  structure. 

1)  Design  Specifications  for  Steel  Highway  Bridges,  established  by  the  Japan  Road  Associa- 
tion, may  be  applied  to  tiM  aarthquaka  resistant  design  of  the  highway  bridges. 

2)  Design  ^paeifioations  for  steal  Railway  Bridges  by  the  Japan  Society  of  Civil 
Bnginears  w  Design  Specif ioatioms  for  Civil  Bnginaaring  Facilities  established  by  tha 
Japan  Bailw^  Facility  Asaoeiation  may  ba  ^eipliad  to  tha  aartiiquaka  resistant  design  of 
tha  railing  bridges. 
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3)  On  the  earthquake  resistant  design  of  the  pipe  line  for  tra.-i^i-orting  sacli  iluid 
and  qascous  materials  as  petroleum,  Fire  Service  Law,  Oil  P-.)h  linoii  Kri'.orii.r ificj  Law 

or  High  Pressure  Gas  Control  Ijaw  and  regulations  estetbiished  to  supplaocnt  thase  laws, 
nay  be  appliad. 

4)  OA  th*  aarthqualca  raaiatant  design  of  ttM  baildiagtt.  Building  Standard  Laat  and 
ragulations  •■tablialMd  to  aapplaanttt  the  law  any  be  applied. 

5.    Future  Follow-up 

in  this  report  the  tjaxUiquake  resistant  design  designated  ;..v  t-!,(r  Port  antl  Harbour 
iMf  haa  been  presented.    Many  new  types  of  structures  are  going  to  joe  constnicted 
on  or  off-tfiore  and  tlie  aooial  doianda  for  anvlxanMBtal  cmaideratloD  of  aucb  atmotorea 
have  bean  inoreaaing.    Beoaaae  of  au^  eireiutanceat  reviaion  of  the  Design  Manual  of 
Hazbour  Structurea  in  Japan  has  been  widertakan*   The  rationaliaation  of  eartfaqoake 
zeslstant  deaign  will  be  achieved  by  this  reviaion. 
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Classification 

iBglon 

Bttglonal 
sslsale 

First  region 

HoV.kaiJo  (Nc-uro,  Kuyhiro,  i'!idaka) 
Kan to  (Chiba,  lokyo,  Kanagawa) 

Chubu  (Shisuoks,  Aiehl) 

Kinkl 

0.15 

Seeond  rsflon 

HoUcsldo  (Ishlkarl,  Tburi, 
Shirlbttshi.  U 
<MiiaSt  Suaol) 

Tohoku 

KwCo  (Ibaragi; 

Chubu  (Nil  gat  a,  ToyaoM,  Ishlkawa* 

Fukui) 

Shikoku 

Chugsku  (Toctorl,  OkayaM, 

Hiroshlna) 
Kyusnu  (Olta,  niyazakl) 

0.10 

Thlvd  rsgiott 

Hokkaido  (Soya,  Abashiri) 
Chugoktt  (Shiaana,  Tanagaehi) 

IChushu  ,  OVinava  (FuknoVa ,  Sa^a. 
Nagasaki,  Kumarooto,  Ragoshimai 
Okinawa) 

O.OS 

Table  1   Regional  aalsnlc  eoaff Iclaat 
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Classifleatloa 

Isc  kind 

2nd  kind 

3rd  kind 

r«ctor 

0.8 

1.0 

1.2 

Taibl*  2  Factor  for  subsoil  condition 


Ibickaess  of  quaternary 
devoalt 

Gravel 

Sand  or  cl^ 

Soft  ground 

lass  than  5  a 

Isc  kind 

IsC  kind 

:ni  kind 

5  -  25  a 

lac  kind 

2iid  kind 

3rd  kind 

more  than  25  m 

2nd  kind 

3rd  kind 

3rd  kind 

Table  3   Classification  of  subsoil  condition 


\«XaoSXHwaLxOIl 

of  Structure 

Characteristics  of  stiueture 

xmport  ance 
factor 

Special 
class 

The  seruetttvs  has  slgnifleanc  diaraiecer- 

istics  described  hy  itena  of  (1)  -  (3) 

in  A  class 

1.5 

A  class 

♦ 

1 

(1)    Tf  the  structure  Is  damaged  by  an 
earthquake,  a  large  number  of  human 
life  and  property  will  poasibly  he  lost. 
(2>    The  structure  will  perform  an  ■ 
ioporCant  role  on  the  reconstruction, 
work  of  the  region  after  an  earthquake 
(3>    The  structure  handlea  a  basardous 
or  a  dangerous  object,  and  it  Is  feared 
that  the  damage  on  the  structure  will 
cause  a  great  loss  of  human  life  or 
property. 

(4)  If  the  structure  Is  damaged, 
economical  and  social  activity  of  (.he 
region  will  be  severely  suffered. 

(5)  If  the  structure  is  damaged,  it 

is  supposed  that  the  repair  work  of 

]  t     ■  -              i  1    :       1  y       :  ■  T  tcul  t  . 

1.2 

Classification 
of  structure 

Characteristics  of  structure 

Importance 

factor 

B  class 

The  structure  is  other  than  Specisl, 

A  and  C  classes. 

1  .0 

C  daas 

The  structure  Is  small  and  aaay  for 
repalrment,  excepting  that  In  Special 

and  A  class. 

o.s 

Table  4    Factors  depending  on  iaportance  of  structure 
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Fig.  3.    Eartbpressure  acting  on  a  vertical  wall 


p=(w+r"h)K 


(I) 


C08*(  #±»~»} 


co$fsinCp— ff)  ^ 

wharei  p  :  intensity  of  lateral  earthpressure  In  earthquakes  (c/m2) 
w  :  Intensity  of  uniform  load  on  the  Ktouiid  Surface  <t/g|2) 
k  :  seismic  coefficient 


i  :  angle  of  internal  friction  of  sandy  soil  (») 

for  general  case  . . . 30* 

for  partlcttlArly  good  backfill  . ,,40* 
r  »  imtt  weight  ol  ooll  (t/m3;  buoy  unit  weight  should  be 

uMd  belov  water  level  moA  the  following  are  the  standards: 

«bovi  water  table  in  baekfUl  ...1.8t/a3 

bele»  water  table  In  backfill  .1.0t/k3 
h  i  depth  fvoM  the  greuiid  etirfaoe  (a) 
K  I  eeeffieiest  of  latarat  aatthpraaaum 
9  I  angle  between  wall  auxfaae  and  the  vartieal  <•) 
I  J  angle  of  friction  between  aoll  and  wall        ue«eUy(d|  15- 
9  :  angle  given  by  the  following  equationa s^^tan"!  k  ortf  -tan-lfc' 
C  :  angle  betHeeo  failure  aurfaee  and  horSaon  (*) 
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Pig.  4.    Coefficient  of  active  earthpressure 
by  Hcmonobe-Okabe's  fornula 


Kiod  of  stress 

SS  41.  SM  41 
SHA  41 

SS  so 

SM  50 

Axial  tensile 
stress 

(for  net  section) 

1.400 

1,700 

1.900 



Axial  compressive 
•tress 

(for  gross 
section) 

effective 
buckling  length 

(cm) 
r:  radius  of 
gjrretion  for 
gross  section 

(cm) 

(a)  1^20,  1.400 

(b)  20<^93 
M00-M(f-20) 

(c)  93i^f 
12,000,000 

(a)  |<.17  1,700 

(b)  17<f<86 
1,700- 11.3  -17) 

(c)  86^^ 

12,000.000 

(a)  ^^15  1.900 

(b)  15<f<86 
1,900- 13C|-  15) 

(c)  80:if 
12.000.000 

6.700+ (^/r)* 

5,700  +  (f/r)* 

s,Mo+ ie/tf 

Bending  stress 

(1)  tensile  stress 

for  net  section 

(2)  compressive 

stress  for 
gross  section 

1.400 

1.700 

1.900 

Shearing  stress 
(for  gcoM 
section) 

800 

1,000 

1,100 

(unit  :  kg/caZ) 


Table  5   Allowable  stresses  of  structural  ateal 
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Kl«id  of  fltre«8 

S5  41,  SM  Al 
SMA  41,  STK  41 

SH  50,  SIK  50 

Axial  tensile  stress 

(for  net  section) 

1,400 

1,900 

itadftl  conpreaslve  strecs 
(for  SX088  Mctlon) 

Soae  as  oboim  in 

Coibliuitlon  of  axlftl 

coTOpressive  force  end 
bending  moment 

a           a . 

— +  — at^  uo 

Shearing  stress 

(1)  with  atiflenvr 

(2)  without  stiff oner 

(R>'t<30) 

R/t<125 

800-0. 019(R/t)2 

200>R/Ol25 
757000/ (R/t)-90 

500 

ll/t<95 

1, 100-0. 044(R/t)2 

20Q>R/t>95 
75,0O0/(It/c)'9O 

600 

(unit  :  kg/cm2) 


Kotatloa  coapreMive  stress  of  sxial  eonpressivo  fotco 

•'be  '  cofflpressive  stress  of  bending  noaent 

'es  :  allowable  axial  conpresslve  streos 

'ba  :  allowable  bending  compressive  strOM  ohOHD  In  Tahle>5 

R  :  outer  radius  of  steel  pile  (cm) 

t  X  thlcknoas.of  stool  pUo  <cb) 

Toblo  6  Allowoblo  stroMoo  of  oteol  pllo  aMterlola 


Kind  of  steel  material 

Allowable  stress 

SY  24 

SY  30 
SY  40 

1.400 

1,800 

2,400 

(unit  :  kg/cm2) 
Table  7  Allowable  streooes  of  oteol  obootpilo  BOtorialo 


Kind  of  reinforcing  bars 

SR  24 

r  '  ■  

SR  30 

SD  24 

SD  30 

SD  35 

SD  40 

Tensilt;  stress 

1,400 

1.600 

1,400 

1,800 

2,000 

2.100 

Tensile  stress  for 
fatigue  loading 

1,400 

1,600 

1,400 

1.600 

1»600 

1,800 

(unit  :  kg/cm?) 


notion  1)  Diameter  of  bars  is  less  than  32  mm 

2)  When  design  stondord  strength   «ck  is  looo  than  180  kg/oo^ 
dofOZMd  bom      oga^  1,600  kg/ca2 
Yoond  boTO  Ooo^^»200  kg/cii2 

Table  8  Allowablo  tOMll*  strMo  of  nlttfordng  bore 
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1 

/ 

i 

pi— 

1 

— »^ 

/- 

7 

E 

/ 

§ 

g 

4-1 

u 
<s 

«  <g 

li 

a>  e 

SI 

«M  5 


Kind  of 

stress 


FLcsural 

compressive 
stress 


Items 


flnfofced  ciMugete 


180 


"ck  

'40   '  300 


Plain  cnncrete 


Shearing 

StMSS 


'•Ms 


ben 

lab 


6 
8 


only  shear  lorca 


17 


20 


8 
10 


22 


Bond  stress 


round  bars 
defomed  bars 


7 
14 


8 
16 


9 
18 


Flexural 

tensile 

St  re.ss 


•w  = 


$  3 


design  standard  cooipresive  strength 
design  standard  tmailft  BtrCDgth 
sllovable  stress 

allowdbl*  dWMring  atrasa  without  calculation  of 

diagonal  tension  bars 
^2  :  allowable  shearing  stress  with  calculation  of  diagonal 
eaaaion  ban 


Table  9    Allowable  stresses  of  concreCa 
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JSCE  SPECIFICATIONS  FOR  EARTHQUAKE  RESISTANT  DS&LQU 
Of  SOBMBIIGED  millBLS  (1975) 

by 

Kiichi  Kurib-iynshi 
Chief,  Earthquake  Engineer xng  Re.search  Section 
Public  Morks  Research  Institute 
Ministry  of  Construction 

and 

Rajiae  Tsnohlda 
Chieff  Earthquake  Resistant  Structure  '  :'  atory 
Port  and  Harbor  Research  Institute 
Ministry  of  Ttansport 

ABSTRACT 

in  rsqponsa  to  tSm  rsqusst  fxon  Ministry  of  Construction  and  Ministry  of  Transport, 
ths  Japan  social  of  civil  Bnginaara  has  oanoliidad  in  Mardk  1975  tli«  final  draft  of  tha 
Spaeificatieos  for  B«rtliiqM«k«  assistant  Dasign  of  SidMwrgsd  Tunnels.   The  writers  of  this 
paper  have  worked  an  the  drafting  of  these  ^peeif ioationa  in  coo^ration  with  oolleagues 
of  the  Piiblic  Morks  Research  Institute  and  Port  and  Hazlior  Research  institute  during  the 
last  four  yaaxs* 

Aie  draft  of  the  Specifications  waa  adopted  as  Spaeifioatlons  for  Earthquake  Raaiatant 
Design  of  the  Proposed  Tunnel  acroee  Tolyo  Bay.    This  paper  preeente  the  principal  previa 
aions  and  artiolaa  of  the  draft  of  the  Bpeeifieatlona,  and  contains  the  following  five 
diapters}  General*  Investigatlonf  Barthquake  Resistant  Deslgnr  Ojrnamic  Analyses ,  and 
Pxeaervation  and  Countemeasuse in  Earthquakes. 


Kay  WoTdsi    Aseismic  Design  Criteria;  Design  Provisions;  EaTthqaakas;  Specif IcatlOttBj 

Structural  Engineering;  Tunnels. 
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The  ConmittM  of  Earthquake  Resistant  Design  criteria  for  Submerged  TimnelSf  diaired 
by  Professor  Shunzo  Okamoto,  was  established  by  the  Japan  Society  of  civil  Engineers  under 
a  contract  with  the  Public  Works  Research  Institute,  Ministry  of  Construction  in  July,  1971. 
i:he  contract  had  been  supported  by  the  Institute  in  addition  to  The  Second  Construction 
Bureau  for  Port  and  Harbor,  Ministry  of  Transport  since  1972. 

Since  the  initiation  of  this  work,  the  committee  has  met  nine  times  with  the  Sub 
Cotmnittee,  who  drafted  the  specifications  and  have  met  forty-four  tlnes.    Through  1971  to 
197^,  the  dynamic  behavior  of  submerged  tunnels  was  examined,  and  then  the  provisions  of 
the  Specifications  were  drafted  on  the  bases  of  these  results. 

Prior  to  dawiloplng  tbe  ^dfieationaf  tlM  appliMticn  of  — rthguafco  ani^LnMnng  and 
design  praetloM  to  mvbmxqtA  tmamlm  both  in  Japan  and  abroad,  and  tha  ganaral  obsarvatlon 
of  aitoargad  toanala  during  MrihqpMkas  vwta  ooapralMnBively  sttadlad.   Sba  GooBittiae,  hotr- 
mwr*  adoptad  tbe  final  roaolotion  as  a  draft  to  tha  Spacificatlons  with  dua  oonaideration 
that  liA  of  soffieiaat  eMoplaa  of  design  aifplications  existed*    This  draft  will  atteapt 
to  establish  a  Maaniagful  qpecification  for  tits  fatura  and  tbm  provide  needed  eiqperienee 
on  their  application  of  sarthqMiMiM  resistant  dssign. 

Dm  safs^  and  stabili^  of  ths  siAsMrgad  tunnels  set  inipwtant  and  therefore,  the 
ekaleton  of  tha  tpeoifioation  draft  should  be  applied  toirard  tbe  deaign  and  construction  of 
tunnels  with  osre.    the  draft  will,  howtsver,  be  an  iaiportant  guide  in  ttia  construction  and 
the  design  of  tunnsls* 

Finally,  the  Mibars  of  tha  CooHittae  which  participated  In  the  draft  of  the  Sipecifi- 
cations  included  the  Ministry  of  Construction,  the  Ministry  of  Transport,  and  the  clerk 
of  the  Comnittee  of  Jepen  Society  of  Civil  Sngineere.    Their  cooperation  is  deeply 
snp'*cieted. 
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chapter  1 


General 


1.1  Scope 


The  provisions  in  the  Specification  apply  to  earthquake  resistant  design  of  sutancjcged 
tunnels . 

1.2  Conformation  to  Specifications 

In  regard  to  matters  which  are  not  specified  herein,  the  following  Specif icationa 
shall  apply  in  accordance  with  the  types  of  structures  and  facilities  considereo. 
Standard  Specifications  of  Concrete, 

Japan  Society  of  civil  Engineers 
Specifications  for  Design  and  Construction  of  Prestressed  Concrete, 

Japan  Sociaty  of  civil  Engineers 
^paolfieatlons  for  Barttqualte  Realatant  Deaign  of  Civil  Engineering  Struetureaf 

Ji^an  Seclatv  of  Civil  Bnginaera 
Specifications  for  Earthquake  Resistant  Design  of  Hi^may  Bridges  (January,  1971) , 

J9patt  Road  Association 
Design  Standards  on  Seisaic  Effort  for  Port  and  Harbor  Structures* 

Port  and  Raxbor  Association  of  Japan 
tJnifoxB  Building  Oode# 

1.3  Definitions  of  Tezins 

The  folloiring  definitions  shall  apply  only  to  the  provisions  of  these  Specif icatlOM. 
SutaNrged  VvummXt  A  total  strueturel  syaten  whidi  are  oo^osed  of  submergsd  Btruetures* 

appcoaches   and  ventilation  towers. 
SuboMrged  stmcturet  A  portion  of  the  tunnel  «hi^  is  under  water  on  a  water  table,  those 

portions  axe  constructed  in  the  following  sequence. 

Istt    ibe  elaBMtts  are  fabricated  in  yards  or  docks 

2ndt    Ibe  elsnents  are  floated  and  towed  to  the  construction  site. 

3rd:    The  elSMttts  are  placed  on  a  trench  prepared  along  the  site. 

4th t    The  elenants  are  connected  together  under  the  water  tables. 

5th:    Overfall  elements  are  covered  with  rock  end  soil. 
Approach)  Under-gro\ind  structures  or  expoeed  structures  which  lead  frotn  the  subnerged 

structure  to  airial  portions. 
Ventilation  towor;  A  structure  which  is  located  at  the  interinediate  portion  of  the  tunnel 

for  the  purpose  of  construction  and  ventilation  of  the  tunnel. 
Seismic  Deformation  Method;  A  method  for  earthquake  resistant  design  of  the  tunnel,  in 

which  th(f  ground  displacements    at   the    level  of  an  cu&is  of  the  tunnel    iixe  a#*uiaed 

to  apply  seismic  effects  to  the  submarcjed  struct'ore. 
(Fourteen  additional  terms,  other  than  above,  are  herein  oznittadj . 
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Ctopter  2  Investigation 

2.1  General 

For  earthquake  resistant  design  of  a  submerged  tunnel,  detail  Investigations  shall  be 
made  on  earthquakes  and  earthquake  ground  motions;  geology  ana  ^soils;  materials >  and  types 
cund  details  of  structure;  preservation  and  counter-measures  in  earthqualces;  and  a 
poat-earthquaXe  inspection  program. 

2.2  Investigation  of  Barthgoakes  and  Eartiiquake  Ground  Notions 

2.2.1  Earthquakes 

Investigation  on  earthquakes  are  presently  being  eondueted  in  order  to  oolleet  data 
on  seisaic  activity  in  an  area  of  a  proposed  stdnaerged  tunnel  site.    The  data  tiill  be 
utilised  for  earthquake  resistant  design  and  for  preservation  and  counter-aeasures  in 
earthquakes. 

2.2.2  Earthquake  Ground  Motions 

Field  observations  on  earthquake  ground  notions  an  being  conducted  in  order  to  cb* 
tain  data,  necsssaxy  to  astiaate  earthquake  response  of  soil  strata  and  structures. 
Such  estimations  shall  be  taken  into  consideration  for  earthquake  resistant  designs 
and  on  preservation  and  oounter-aeasures  in  earthquakes. 

2.3  Investigation  ot  Geology  and  Soils 

2.3.1  General 

Investigation  on  geology  and  soils  in  relationship  to  earthquake  resistant  design 
is  divided  into  two  categories;   (1)  preliminary  invcstiqation  and  (2)  site  in%'Gstiga- 
tion.     The  preliminary  mvestiqation  is  required  in  ord^r  to  collect  information  on 
geology  and  soils  in  the  tunnel  locality,  preceding  the  site  investigation  for  making 
the  site  investigation  efficient  and  effective.     The  site  investigation  is  conducted 
in  order  to  obtain  all  the  necessary  data  for  design  and  construction  of  a  submerged 
tunnel. 

2.3.2  Preliminary  Investigation 

In  the  preliminary  investigation  the  following  inforrr.ation  shall  be  collected: 

1)  Topographic  map;  also  submarine  topographic  map  when  it  is  necessary 

2)  Geological  map 

3)  Soil  profile 

4)  boil  .Tiup 

5)  Boring  log 

2.3.3  Site  it.vGstigation 

In  conducting  the  site  investigation,  the  following  items  should  be  determined; 
possible  structural  types  of  a  submerqed  tunnel,  soil  condition,  and  other  related 
factors.  In  considering  these  items  the  following  viewpoints  shall  be  made  of  the 
site  investigation. 
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1)  Data  neoMsary  for  dAtexaliuttlon  of  dosiffk  earthqiMkM 

2)  Data  naoMsazy  for  atructural  design 

3)  Data  naeeaaazy  for  examination  of  stability  of  soils  during  MrthqujUces 

Items  that  are  included  in  site  investigations  depend  on  the  propoaad  tuDSM)  hOWaf«# 

the  following  items  shall  be  included  in  the  site  investigation. 

1)  Boring,  sounding  (normally  standard  panatration  tasta) »  and  aanqpling 

2)  r^oratory  tests  of  samples 

3)  Measurement  of  seismic  wave  velocities  with  borahoiaa. 

4)  Measurement  of  density  of  soils 

5)  Mlcrotrenor  observation 

2.3.4  Teat  Procedures 

Field  emd  laboratory  tests  shall  be  conducted  in  accordance  with  procedures  apaol- 
fied  in  the  Japan  Industrial  Standards  or  the  Standard  Spaoifioatlona  of  tba  Ji^MMfia— 
Society  of  Soil  Mechanics  and  Foundation  engineering. 

2.3.5  Oonflgoratlon  and  DapUi  of  Basa^rotik 

In  tha  aita  Inveatlgatlon  oonflguratlon  aa4  degpth  of  baaa-xodk  awrfaoa  shall  ba 
surveyad.    Tha  baae^zodc  anrfaea  a«ana  an  latarfaoa  batwaan  baao'-zook  and  aurfaoa 
layar. 

2.4  inveatigatiOA  of  tha  Enginaaring  grepatty  of  tha  Soil  and  Surfaoa  Layar 

2.4.1  BnglMarlng  Vxoparty  of  tha  Soil  aad  of  tha  Surfaoa  Lqrar 

Iha  follotting  axa  tha  laportant  pvopairtiaa  to  ba  eanaidazad  for  aarthqoaka  raalatant 
daaign. 
1}  Dansity 

2)  Blaatlo  Bodulii  Young* a  aodolua  and  ahaar  nodulua 
3}  Solaaon'a  ratio 

4)  Strangth  paranatara}  angla  of  Intamal  friotion  and  oohaalon 

5)  Ooaff ici«it  of  atdigrada  raaotlon 

6)  Steangth  of  aolla  undar  dynaalo  loading 

7)  Velocities  of  seisalo  wavaay  valooity  of  longitudinal  wavaa  and  valoeity  of 

transverse  waves 

8)  Dynamic  characteristics  of  suhground 

!lSiaee  properties  shall  be  determined  directly  by  observation  or  taata.    Only  irtiaa  it 
la  vary  dif fioult  to  ba  obtainad  dlzaetly,  tha  proipartiM  am  ba  datanaltiad  intflvaetly 
using  tha  resulta  fron  atandard  panatration  taata  or  othar  otasarvatlon  taata. 

2.4.2  Strength  of  Soils  under  Dynajaic  Loading 

Dynamic  strength-test  of  soils,  to  aaaaina  the  soil  behavior  under  dynanio  loading^ 

is  desirable. 

2.4.3  Measurement  of  Velocities  of  Seismic  Naves 

Velocities  of  aaiaadLo  wavaa  ahall  ba  aaaaured  at  the  prqpoaed  tunnel  aita. 
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2.4.4  Measurem(f»nt  of  Microtremor 

For  estiuiation  of  the  dynamic  characteristics  of  the  surface  layer,  at  the  tunnel 
site,  micro tremors  shall  be  measured  and  analysed. 

2.4.5  Damping  Factor  of  the  Surface  Layer 

Damping  factors  of  surface  laynr,  which  are  applied  in  the  earthquake  response 
calculations  and  dynanlc  rr.odel  tests  shall  be  carefully  determined  based  on  results 
of  field  and  laboratory  tests. 

2.4.6  Properties  and  strain  of  the  soil 

Properties  of  the  soil  and  surface  layer*  such  as  elastic  nodulif  velocities  of 
seismic  waves,  and  damping  factor,  depend  of  the  strain  in  the  soil.    The  difference 
between  the  strain  in  the  soil  under  test  or  observation    and  th*  Strain  in  the  soil 
expected  during  earthquakes    shall  be  considered  irtien  the  prcfmties  are  used  in 
earthquake  resistant  design. 

2.5  Ground  Failure 

A  sutanerged  tunnel  is  supported  by  the  surrounding  soil  wfaidi  is  usually  soft*  and 

thus  the  stability  of  a  submerged  tunnel  depends  largely  on  the  behavior  of  the  ground 
during  earthquakes.    Engineers  concerned  with  the  design  and  construction  of  a  submerged 
tunnel  shall  have  iqppropriate  knov#ledge  of  the  ground  failure  due  to  earthquakes. 

2.6  Seismic  Stability  of  the  Soils 

2.6.1  Stebili^  of  Sandy  Soil 

Liquefaction  of  soils  around  a  subswrged  tunnel  shall  be  avoided.   Nben  the  soil 
is  estimated  to  liquefy  during  earthqoatkes   tlie  soil  shall  be  improved*  Liquefaction 
potential  shall  be  examined  based  on  liquefaction  case  records  from  past  earthquakes 
and  results  of  research  on  liquefaction. 

2.6.2  Stability  of  a  Cohesive  soil 

When  soil  at  a  tunnel  site  is  cohesive *  it  shall  be  chedced  sudh  that  a  change  in 
the  soil  strength  and  deformation  due  to  earthquake  will  never  affect  the  stability 
of  a  submerged  tunnel. 

2.7  Investigation  of  the  Materials  and  Structural  Types 

Relative  to  materials,  types  and  details  of  a  submerged  tunnel*  teste  and  investiga- 
tions shall  be  conducted  on  the  following} 

1)  Structural  concrete 

2)  Structural  steel 

3)  Watertightness  of  elements 

4)  Types  and  materials  of  the  joints 

5)  Types  of  foundations 

6}  Preparation  of  trench  bottom  and  backfilling 
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2«8  Investigation  of  the  Preservation  and  Proper  Counter-measures  in  Earthquakes 

For  the  preservation  and  eountermeasures  of  tunnels  in  earthquakes,  traffic  control 
systems  of  the  tunnel  shall  be  examined,  and  the  interaction  oi  th*  function  among  thAse 
systems  shall  be  sxifficiently  considered. 

Chapter  3      Barthquafca  Heslsfnt  Peglgn 

3.1  General  Principle 

Bvexy  partial  etruetural  aysteoi  shall  be  dsalgoed  by  the  aelaalc  defoznation  method 
and  the  selaBlc  coefficient  in  acoordanoe  with  the  provisions  in  Cluster  3  "BartliQueike 
Resistant  Design".   Also  the  total  structural  system  shall  be  designed  by  using  tiie  cesulta 
of  the  dynandc  zeflponse  analysis  with  regard  to  the  influence  of  the  surrounding  topegraivtay 
and  geology  in  accordance  with  the  pravisions  in  Chapter  4  "Dynamic  ftnalysis". 

Bquipnent  shall  be  provided  for  earUiqaake  control  and  examinatioAf  and  «hall  be  used 
in  accordance  witli  the  provisions  in  thii  Chapter  S  "Preservation  and  Oountexmeasuces  for 
Barthquakes". 

3.2  Design  nequlrenents 

1)  Mot  only  the  submsrged  etructure  but  also  the  total  structural  «ystenf  including 
the  effects  of  ttie  soneounding  topography  and  geology,  shall  be  designed  to  provide 
sttffioimt  stability  against  seismic  distarbancea. 

2)  Ivery  structural  system  of  the  submerged  tunnel  shall  be  designed  in  accordance 
with  the  displ.'icefflents  of  the  surrounding  ground  during  earthquakes  and  desicpa 
seismic  coefficients,    the  structural  system  shall  be  designed  and  the  results 
examined  by  the  dynamic  response  analyses. 

3)  The  structural  system  in  which  the  rigidity  changes,   i.e.   joints,  hinges  and  other 
parts,  shall  be  designed  with  regard  to  the  effects  the  change  in  rigidity  has  on 
the  systera  and  seismic  resistance  of  the  submerged  tunnel. 

4)  For  the  preservation  and  eountermeasures  of  the  tunnel  during  earthquakes,  the 
reliability  of  the  operation  of  the  systems  of  the  submerged  structure,  tbe  i^^oac^ 
the  ventilation  tower  and  other  equipment  shall  be  considered. 

3.3  Loadings  and  other  Conditions  in  the  Baxthquake  Resistant  {Jaslgn 

3.3.1  General 

1)  ihe  following  Loadings  and  Conditions  shall  be  taken  into  account  in  earthvuike 


resistant  design.  l!he  JlBproprimte  Loadings  shall  be  selected  from  this  list  on 
the  basis  of  the  location  and  the  typa  of  the  structure. 

a)  Dead  Loads 

b)  Earth  Pressures 

c)  Hydrostatic  Pressures 

d)  Buoyancy  or  Uplift 

e)  Live  Loads 

f)  Effects  of  Consolidation  and  Settlement  of  the  Sub-ground 

g)  Effects  of  Temperature  Change 
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h)  Effects  of  Shrinkag*  due  to  miBidlty  In  Concrete  Structures 
1)  OUier  loadlags  (Tldel  Waives*  etc.) 

2)  Ihe  following  selsnlc  efftets  tfhall  be  taken  Into  account  In  earthquake  resistant 

design. 

a)  Displacement  of  the  sub-ground  or  structures    in  earthquakes 
to)  Inertia  forces  due  to  the  dead  weight  of  the  structure 

c)  Earth  pressures  in  earthquakes 

d)  Hydrodynamic  pressures  in  earthquakes 

3)  Combination  of  Loads 

Design  conditions  shall  be  detcrnincd  considering  the  loading  conditions  a) 
through  h) ,  given  in  the  preceding  article   (1)  and  in  addition  the  loading 
effects  h)  and         in  accordance  with  the  site  conditions. 

3.3.2  Ground  Displacement  in  Earthquakes 

1)  The  displacements  of  the  subsurface  ground  in  whicrh  the  s'obmftrqed  tunnel  is 
embedded  shall  be  determined  in  accordance  with  the  provisions  qiven  in  Section 
3.4.2.1  "Ground  Displacement  in  Earthquake  Resistant  Design".     The  ground 
Displacement  for  the  design  of  sufanorged  structures  shall  be  taken  as  the 
ground  displacement  at  the  level  of  the  longitudinal  axis  of  the  structure. 

2)  The  plane  where  the  ground  displacements  are  applied,  shall  be  taken  as  the 
horizontal  and  the  vertical  plane  on  the  axis  respectively. 

3.3.3  Inertia  Forces  (omitted) 

3.3.4  Earth  Pressures  due  to  Earthquakes  (codtted) 

3.3.5  Uydrodynamic  Pressures  due  to  Earthquakes  (omitted); 

3.3.6  ^n^^  TAyers  Where  the  Bearing  Capacities  are  Neglected  In 

Earthquake  Resistant  Design  (omitted) 

3*4  Design  Earthquake  Ground  Motion 

3.4.1  General 

1)  The  ground  DlspleeeiMnt  end  the  design  seisnic  coefficient  diall  be  taken  Into 
account  in  the  design  of  the  siteerged  tunnel 

2)  The  Bdbaierged  structure  shall  be  designed  by  the  seismic  defomatlon  wethod  and 
the  seismic  coefficient  method. 

3)  Ventilation  towers  and  other  structures  can  be  designed  by  the  seismic  coeffi* 
cient  method. 

3.4.2  Design  Baxthqualce  Ground  Notion 

3.4.2.1  Ground  Divlaceswnt  in  the  Earthquake  Resistant  Design 

Vm  ground  displaoenent,  in  the  earthquake  resistant  design*  s)iall  be  evaluated 
en  the  basis  of  the  ground  displaoenent  considering  the  nature  of  the  earthquske 
ground  Botlons  and  the  soil  ocndltions. 
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3.4.2.2  BAM  90^  Aecttlemtions  in  B«rtbqua)ca  Resistant  Design 

1)  The  horizontal  base  rock  acceleration,  in  earthquake  resistant  design,  shall 
be  evaluated  in  accordance  with  the  intensity  of  the  earthquakes  st  ths 

construction  site  and  the  importance  of  the  submerqed  tunnels. 

2)  The  vertical  base  rock  acceleration,  in  earthquake  resistant  design^  Shall  be 
taken  as  one  half  of  the  horizontal  base  rock  accelerations. 


3.4.2.3  Design  Sslssiic  Coefficient  in  ths  Seisndc  Coefficient  Method  <4Mittad) 

3.5  Earthquake  Resistant  Design  o£  Submerged  Structures 

3.5.1  Gf»neral 

The  submerged  structure  shall  be  principally  designed  by  the  seismic  deformation 
method.     However,   the  seismic  ~ri!=>f f icient  method  can  be  applied  to  the  design  of  the 
transverse  tunn^i  sections  emd  the  examination  of  possibility  of  the  sliding  of  the 
submerged  tunnel. 

3.5.2  Seisnlc  DefonMtl«i  Method 


The  svdbnerged  structure  shall  be  designed  In  accordance  with  the  Seismic  Defossiatian 
Method. 


3.6  Barthquake  Resistant  Design  of  Ventilation  Vonar 

3.6.1  General 

The  eaxtl^iquake  resistant  design  o£  the  ventilation  tower    shall  provide  appropriate 
stability  against  seisKie  distm^ances  for  ths  total  struoturel  qrsteai  of  the  sidaaesged 
twttiel,  considering  the  eonditiens  for  the  connection  with  the  siflnarged  atruotuxt. 

3.6.2  Earthquake  Resistant  Design  of  the  Ventilation  Tower 

The  ventilatio.-;  tower  can  be  de.siqned  by  the  seismic  coefficient  method.     The  design 
seismic  coefficient,  in  the  seismic  coefficient  niethod,  shall  be  determined  in  accord- 
ance with  the  provisions  in  Section. 

3.4.2.3  "Design  Selssdc  Coefficient  in  the  Seisnic  Coefficient  Method" 

The  directions  of  the  inertia  forces  and  the  design  nethod  shall  be  dsteznined 

in  aooordanoe  with  the  pxovisiona  in  individual  related  ^^ificatiaoa,  according 

to  the  type  of  the  ventilation  towsr  considered  and  the  oonditions  of  the  construe- 

tlon  site. 

3.7  Earthquake  Resistant  Design  of  Approaches 

3.7.1  General  ionJitted) 

3.7.2  Earthquake  Resistant  Design  of  Jifproadh  <OBd.tted) 

3.8  Stability  of  SUbgrounds 

3.6.1  General 

Ihe  stability  of  tiM  ground  around  the  suboierged  structure  shall  be  evaluated. 
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3.5.3  Seissdc  Coefficient  Method 


(o^tted) 


3.8.2  Stability  Analysis  of  Ground 

Tlte  Stability  of  the  ground  can  be  analyzed  by  the  seismic  coefficient  method 
asauning  a  slip  plana.    Also  the  submerged  structure  shall  be  analysed  to  avoid  the 
critical  danagea  due  to  the  ground  displacement   evaluated  by  the  dynafldc  analyses* 

3.8.3  Stiibility  of  the  Soil-use  for  Siibraerged  Structure  Fill 

1)  T.iquefaction 

A  soil  which  is  prone  to  liquefaction  during  earthquakes    shall  not  be  used  for 
soil  fill    for  submerged  structures.     The  estimate  of  liquefation    shall  be 
evaluated  in  accordance  with  the  provisxons  given  in  .-ection  2.6.1  "Stabiltiy  of 
Sandy  Soils**. 

2)  Bxanination  of  Sliding 

i!be  stablli^  of  the  sliding  of  stibmexged  stxaeturss  in       transverse  dlrsetion 
shall  be  analyzed  in  accordance  with  the  peovisiona  in  Section  3.5  "Earthquake 
Resistant  Design  of  Stdmerged  Structure". 

3.9  Allowable  Stresses 

3.9.1  General 

The  allowable  stresses  of  the  materials,  and  the  increase  of  the  allowable  stresses 
for  earthquake  resistant  design    shall  be  determined  in  accordance  with  the  structural 

types  and  tho  Importance  of  the  structures. 

The  stresses  shall  be  required  to  be  based  on  the  various  Specifications 
and  the  consideration  of  the  assumptions  in  the  design  and  the  procedure  and  operation 
in  the  construction, 

3.9.2  Allowable  Stresses  o£  Oonecete 

1)  The  allowable  stresses  of  concrete,  for  uee  in  submerged  tunnels*  shall  conform 

to  the  pro^'isions  specified  in  the  followingt 
Standard  Specifications  of  Concrete, 
Japan  Society  of  Civil  Engineers 

2)  The  allowable  stress  of  concrete  placed  in  water    shall  be  determined  on  the 
basis  of  experxroents  of  simulated  field  conditions,  because  of  the  lack  of 
reliability  of  the  uniform  quality  of  i:he  concrete. 

3.9.3  Allowable  Stress  of  Stpftl 

1)    The   allowah.le   nt-ro-:;3  of   Stool      ueoii    for    SLibmorjod    tunnels  shall  COIifOXm  tO  the 

provisions  specified  in  the  following  Specifications. 

For  reinforwing  Bars; 

Stemdard  Specifications  of  Coricrete, 


Japan  Society  of  Civil  Engineers 
For  Structural  Steel #  Except  for  Reinforcing  Barsi 
Standard  Specif ieatlens  for  Highway  Bridges «  Part  of  Steel  Bridges f 

J^an  Road  Association 
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2)  m  the  ease  of  minor  cracking  of  the  ocnereter  the  allowable  tenelle  atreseeB 
diall  be  deelgnated  in  aeeovAance  with  the  effect  of  creekinQ  of  oonorete. 

3.9.4  Increase  in  the  Allowable  Stresses  in  the  Earthquake  Resistant  Design 

1}  Use  of  the  allowable  atresaea  apeclfled  in  the  provisions  ot  the  Section  3.9.2 
"Alloifable  streaaes  of  Concrete*  and  t]ie  Section  3.9.3  "AHowable  streaaea  of 
Steel*/  tbe  incxeaae  of  the  aUowable  atreaaea  aball  be  allcwea  in  aceordaaica 
with  the  following  ooebinetion  of  loadings ; 


Ta]»le  3.3 

Combxnation  of  Loading  idmitation  o£  Increase  o£ 

Allowable  Streaa 

Oafdinary  Load  *  Barth^iiake  ^ 
Loeding 

Ordlnazy  Lead  +  Bffact  of  Teaip. 

Change  +  Shrinkage  *  Barthq^ake  65% 

Loading 

note)  In  thia  table,  the  fundamental  allowable  tenaile  atreaa  ahall  . 

conform  to  tlie  pzovlalona  of  Section  3.9.2  "Allowable  Streaaes  of 
steel". 


2)  If  the  provisions  of  the  Section  3.9.1  "Allowable  Stresses  of  Concrete"  and 
the  Section  3.9.3  "Allowable  Stresses  of  Steel"  are  not  used  in  the  evaluation 
of  the  gross  allowable  strength  of  the  section  of  the  structural  member,  the 
allowable  stresses  for  ordinary  conditions   and  seismic  conditions  or  the  safety 

factor  shall  be  determined  on  the  basis  of  the  experiments  or  equivalent  measures. 

3.10  Earthgu2J(e  Resistant  Oeaign  in  Petail 

3.10.1  General  (<»Rittedj 

3.10*2  Attainted  etnicture  (cadtted) 

3.10.3  Pile  Foundation  (onltted) 

3.1014  Ventilation  tower  (omitted) 
Chapter  4      Dynamic  Analyaia 

4.1  Gmeral 

The  dynaeic  analyaia  for  the  dealgn  of  a  aehatarged  tunnel  ia  divided  into  the  dynanie 
analyaia  for  the  partial  atroetural  ayaten  and  the  dynamic  analyaia  for  the  total  etxucturel 
aystem. 

4.2  Barthquake  Beaponae  Analyaia 

4.2.1  General 

The  earthquake  reaponse  analyaia  for  the  submerged  tunnel    shall  be  conducted  for 
the  individual  itans  of  the  Btructunl  system,  auch  as  the  aorrounding  ground,  the 
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sidbnsrged  Btruetartt  and  th«  vmtilation  toifer,  in  addition  to  tha  total  structural 
(qratani.    Ttia  analysis  shall  eonsidsr  th«  dynamics  of  ths  soil-stnietnrs  intaraetion  and 
thft  characteristics  of  earthquake  ground  notions  by  using  the  nsthod  which  can  slaulate 
the  dynanic  response  of  the  submerged  tunnel  as  close  as  possible* 

4.2.2  Method  of  Bactliquake  nasponse  Analysia 

Tba  aarthcpiaka  rasponaa  analysis   can  faa  conducted  by  using  one  of  the  follawing 
tNO  methods. 

(A)  method  using  the  averaged  response  spectrunr 

(B)  method  using  the  original  record  of  earth^piake  notions. 

4.3.3  Mechanical  Model 

The  mechanical  modelr  for  the  earthquake  respooss  analysis*  shall  be  individually 
designated  to  represent  such  structural  systems  as  the  ground*  the  subnerged  structure » 
the  ventilation  toMer  and  the  aufanerged  tunnel  of  tlia  total  aystan  and  taking  into 
account  if  naoaaaary  the  affects  of  the  exiatenea  of  the  water,    tbm  dynamic  propaxtiea 
of  the  groundr  such  as  natural  period*  vibration  nodOr  damping  characteristics  and  the 
^rnamic  characteristics  of  the  subnerged  structure  and  the  attached  structures*  and 
the  dynanic  interaction  among  the  ground  and  the  structures  shall  be  taken  into 
account  in  rapreaanting  nacflianieal  mode. 

4.2.4  Input  Barthqnake  Motion 

The  input  earthquake  ground  motion  shall  be  designated  by  the  naKimin  acceleration 
and  the  characteristics  specified  in  the  provisions  of  Ouvter  2  "Investigation*. 
The  input  earthquake  ground  notion  shall  be  applied  to  the  base  rock. 

4.3  Dynamic  Model  vest  (ookitted) 

4.4  Designation  of  Safety  (omitted) 
Chapter  5      Preservation  and  Oocntermejasures  in  Bar;^^qywkes 

5.1  General 

FOr  the  puzposa  of  preservatian  end  oountezmeasures  in  earthquakes*  earthquake 
eq^lfnent  shall  be  installed  in  the  subnerged  tunnel.    The  security  and  the  stability  of 
the  tunnel  are  guaranteed  completely  by  using  the  equipment  and  also  conducting  inspections* 

5.2  Preserving  Bquipnent 

for  the  purpoee  of  the  preservation  and  oountemeasures  in  earthquakes*  the  following 
eqaipnent  shall  bs  installed.  This  equipsient  shall  be  guaranteed  to  have  noznal  operation 
during  aarthquakas  and  have  periodical  inspections. 

1>  Sensor*  recorder  and  system  of  notification  for  earthquake  ground  notion 

2)  Sensor*  recorder  and  system  of  notification  for  the  level  of  tidal  wave  and  tsunami 

3}  vraffie  control  system  during  and  after  earthquake 

4}  Sensor*  recorder  and  syaten  of  notification  for  settlement  and  spill  water 
5}  System  for  evacuation  and  induction 
6}  Emergency  power  plant 
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7}  Systm  for  iMpeetlon  of  traffic 

8}  Drainage  and  syst«ai  of  protaotloo  for  twwtfatloa 

9)  OOmv  (straln-nttarf  strua-wtairt  ato) 

5.3  Preserving  operation 

By  employing  the  preserving  equipments,  the  countermeasure  for  the  security  of  traffic 
and  the  safety  of  the  structure  shall  be  applied  in  accordance  with  the  intensity  of  earth- 
quakes at  the  location  of  the  tunnel. 

5.4  Inspection  for  preservation 

The  tunnel  structure  shall  be  maintained  by  inspection,  for  proper  preservation.  The 
inspection  shall  be  periodically  conducted,  and  also  the  tofiorazy  inapttotion  aball  ba 
condiicted  during  earthquakes  of  the  stiong  intansi^. 

5.5  mvaatlgation  after  aartliaaakaa  « 

Tha  adBinlatrator  of  tha  lUiieigad  tunnal  ahall  Innediataly  conduct  an  invaatigatloB 
of  avery  portion  of  tha  tianttal  aftar  aastiiQMkaa  of  high  intensity.    The  rssulta  of  tha 
invaatigatlon  and  tlia  ^sopar  oountaraaaauraa  aliall  ba  anployad  and  xaoordad. 
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ABSTRACT 

Becently  the  United  States  and  Japan  have  node  progress  in  aseisaiic  design  of  B.C. 
Structures  based  on  the  testing  of  B.C.  inaiid»ers,  in  whic^  these  tests  have  shOMn  the  inpor- 
tanoe  of  ductility  in  columns.    However  there  are  a  few   seismic  studies  based  on  the 
loading  teats  of  full  slse  structures.    Fortunately,  in  Japan  there  is  the  greatest  loading 
test  facilities  in  the  world r  with  new  larger  facilities  now  under  construction.    By  using 
these  facilities  full  size  asenismlc  tests  can  be  oonducted.    This  proposal    provides  a 
plan  for  the  testing  of  reinforced  concrete  structures  with  shear  walls,  which  should  be 
the  first  step  toward  developing  an  international  aseismic  code. 


Key  Words:    Dynaioic  lescing;  Laterial  Load  Simulation;  Models;  Shake  Tables;  Testing. 
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Recent  Research  Progress 

R.C.  Structures  are  generally  recognized  to  have  sufficient  earthquake  resistance. 
However  in  1968,  the  Tokachi-Oki  earthquake  induced  extensive  dawage  to  school  buildings 
in  Japan,     in  1971fthe  San  Fernando  earthquake  induced  severe  damage  to  hospital  buildings 
in  the  USA.     Examination  of  the  earthquake  damage  indicated  that  many  R.C.  uoluEaas  sus- 
tained severe  damage,  particuleurly  shear  failures.    Thus*  the  problein  of  the  need  for  ductiiity 
of  ft.C«  aolmn  was  reoonflzned.  Tharaf ox«  slnea  1973*  a  raaeanSh  project  was  oc<gBnlBad  by 
tiie  Ministry  of  Oonstniction  iirtiicb  included  tests  of  about  200  R*C«  column  spoclsKns.  Hie 
folloHing  lists  soae  of  the  results  obtained  fzon  these  tests; 

(1)  All  tjfpm  of  failure  nodes  of  tha  coltwns  ware  defined  preclsaly  fron  the  taste, 
they  consist  of  shear  diagonal  tenaion  failure*  shear  caqpreesion  failure*  shear  ten- 
sion failure*  bond  splitting  failure*  and  bodiling  of  the  main  bars.   Bnpirical  eqiia' 
ticns  relative  to  strength  associated  with  each  node  were  then  established. 

(2)  Load-daflaetiott  euxvvs  of  all        of  eolums  wars  standardised  and  tha  llnitation 
of  wA  reinforoenent  (qpsntity*  shape  and  arrangenent)  for  ductile  neabers  was 
dateznined. 

Furthar  ProbUn 

At  present  nany  w^rlnontal  studies  have  baan  conducted  on  oolvoms*  baans  and  ahaar 
walls.    Bowavec* thare  are  nany  fields  still  unaaviored.    Tor  eKanplerthe   seisnio  tests 
(static  and  ^nanlc)  of  full  sisa  structures  with  slabs*  shear  walls  and  foundaticaa  need 
inveatigationa.    theee  teat  reaults  would  provide  insight  on  the  difference  between  tha 
behavior  of  a  structure  and  unit  nsawr*  eipeeially  the  anchorage  of  the  neln  bars  or 
ground  affects  on  the  wall^  etc.    Previous     studies  on  tiie  structural  danage  due  to 
earthquake  were  based  only  on  nsnber  tests  in  tha  laboratory,  and  the  behavior  of  entira 
structures  had  to  be  based  on  ncuiy  engineering  assuaptions*  tfhich  nay  lead  to  acna  arroca. 
Full  size  structural  testing  should  be  aade  in  ord^  to  avoid  such  errors. 

Planning  of  Teat 

a)  tasting  Fscilitiss 

In  j^pan*  there  are  large  dynasdc  and  atatio  teating  facilities  and  nsny  others 
now  under  construction.    VM>  such  facilities  are  described  below; 

(Large  Scale  Earthquake  Simulator] 

This  simulator  system  is  housed  in  the  National  Research  Center  for  Disastar 
Prevention  and  located  in  Tsukuba  Research  and  Education  City   (that  is  now  under 
construction).     The  performance  of  this  simulator  is  shown  in  Table  1.     The  test 
platform  is  15  by  15  meters  in  plan,  which  allows  free  motion  in  two  directions. 
The  effective  weight  on  the  platform  is  500  ton  (horizontal  motion) ,  and  200  ton 
(vertical  motion) .     The  test  platform  is  actuated  by  a  360  ton  capacity  hydraulic 
actuator  at  a  maximum  acceleration  of  500  gals  and  a  maximu.-ii  velocity  of  37  cm/sec 
and  a  suiicimum  displacment  of  ±  30  mm  under  dynamic  conditions.    Fig.  1  shows  the 
relationship  between  acceleration,  freqoanqr  and  weight. 
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(Largtt  Six*  Ii0«diiig  Faeility) 


This  facility  is  Cor  bodi  static  and  dynaode  full  alia  atxnctoxal  taata  osing 
hydraulic  aarva  actuatetraf  which  ara  not  undav  oonatruotlcn.   Tim  plan  and  aaotlon 

of  this  facility  aure  shown  in  tig,  2.    The  facility  consists  of  two  blocks  A  and  B, 
and  a  wall  for  horizontal  raaction  which  is  located  along  the  periphery  of  the  blocks. 
B  block  has  two  reaction  walls  in  two  directions.    All  the  testing  systons,  loading, 
vibration  and  measurement  are  directly  controlled  by  a  computer  aggim  in  this  facility. 
Pig.  3  shows  an  example  of  the  tasting  capacity  of  this  syatesi. 
b)  Description  of  Test  Structure 

As  a  first  stage  of  the  testing  project,  it  is  proposed  that  a  four  story  building 
with  shear  walls    be  tested,  as  shown  in  Fig.  4.    The  type  of  shear  walls  will  include 
normal  types,  precast  walls  and  slxp  wails.     Conducting  of  this  test    will  permit 
solution  of  such  problems  as  the  actual  behavior  of  shear  walls,  effects  of  the  founda- 
tiout  soil  conditions  and  the  Bechaniam  at  structural  yielding.    The  test  structure 
as  ShOMn  in  Fig.  4,  is  ona  aacaiqple,  othar  typ^B  of  buildings  however,  should  be  in- 
cluded in  pie  projactf  i.e.  atruoturaa  witixmt  ahaar  ifalla  and  wltt  short  oolnns  or 
long  ooluBna«  long  apsn  stcuotnras  snd  mmny  types  of  ground  ocndltions. 


Important  buildings  and  materials  must  be  protected  during  strong  earthquakes.  Prom 
this  viewpoint,  therefore,  our  first  study  should  be  the  development  of  full  size  aseismic 
tests  using  Japanese  large  scale  facilities.    Systematic  full  size  tests  in  cooperation 
botiraen  the  U*8*A*  and  Japan  will  peznit  a  batter  understanding  of  factora  in  order  to 
eatabliah  an  international  atandard  aaeianlo  dealgn  code< 
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MuMious  recent  pilblicatlons  attest  to  the  seriousness  of  the  hasard  presented  hy 
•arthqoakM  to  the  pepplas  and  •eonoities  of  the  United  States  and  Japan.  The  damaging 
quakes  of  this  decade  are  grim  rsnindera  of  the  severe  impacts  of  the  1923  Tokyo    and  1906 

San  Francisco  events.    In  the  intervening  years  these  cities  have  grovm,  concentrating  sub- 
stantially greater  populations  likely  to  experience  earthquakes  of  comparable  intensity. 
UrbeUiization  coinbined  with  industriaiizatior.  are  incrcasincj  our  vulnerability  not  only  to 
calamitous  life  losses  but  to  major  economic  disri^ption  and  dislocation  through  lost  indus- 
trial capacity. 

These  are  not  proaleiai;  without  potential  resolution.    It  is  a  tenet  of  engineering  that 
we  can  devise  strategies  at  some  cost  that  will  reduce  the  potential  for  disruption.    It  is 
this  belief  that  drives  the  research  process  to  discover  and  develop  better  eoononlc  design 
and  oonstruotion  practices.    Our  joint  national  interests  in  this  area  are  oonsistcnt  and 
oMipatiblet    to  control  the  consequences  of  earthquake  occurrences  through  limiting  life 
lees  and  injuryf  property  danage  and  social  disruption. 

The  United  States  program  of  research  in  earthquake  mitigation  is  directed  at  the 
developient  of 


(A)  eocnomically  feasible  design  and  construction  methods  for  building  earthquake 
resistant  structures  of  all  types,  and  for  the  identification  and  r^air  of 
existing  hasardous  structures » 

(B)  an  operational  program  for  predicting  damsging  earthquakes  and  their  physical 
effects  in  the  seianically  active  regions  of  the  United  Statesi 

(C)  procedures  for  integrating  data  and  information  about  seismic  risk  yitth.  on- 
going land  use  planning  and  regulation  activities; 

(D)  procedures  for  identifying,  evaluating  and  accurately  characterizing  seismic 
hazards  in  earthquake-prone  regions; 

(B)  inpro\'ed  understanding  of  the  social  and  economic  consequences  of  individual 
and  community  decisions  on  earthquake-related  issues,  emphasizing  risk  con- 
trol, pre-event  planninq,  is5*,33nce  of  warnings,  provision  of  emergency  ser- 
vices, rescue,  recovery  and  redevelopment;  and 

(F)  methods  and  procedures  for  the  control  or  alteration  of  seismic  phenomena 
and  their  effects  on  existing  structures. 


the  achievement  of  these  objectives  will  require  the  concerted  effort  of  naj^y  professionals 
working  in  omeord. 

The  problem  posed  by  earthquakes  to  the  U.S.  are  comparable  in  most  ways  to  those 
posed  to  Japan.    Both  our  countries  have  esbarked  on  extensive  programs  of  research  in 
engineering f  seismology i  geology  and  the  social  sciences  to  develop  earthquake  mitigation 
proeedurea  consistent  with  tlie  above  objectives.    It  is  certainly  true,  in  the  U.S.,  and 
almost  surely  true  in  Japan  that  the  magnitude  of  the  research  problems  we  faoa  are  signi- 
ficantly greater  than  the  man  power  and  financial  resources  we  can  bring  to  bear  to  resolve 
them.    Under  tlie  audioes  of  the  U.S.  -  Japan  Panel  on  Wind  and  Seismic  Effects  we  are  now 
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meeting  for  the  seventh  time  to  discuss  our  mutual  problems  and  accomplishments.  This  is  a 
vital  element  in  keeping  ourselves  jointly  informed  of  the  work  being  pursued  in  our  res- 

pt^ctive  countries.     We  believe  that  it  is  now  time  to  escalate  our  activities  to  the  Omxt 
logical  plateau:     the  conduct  of  joint  and  complementary  research  projects. 

First  an  observation.     This  Panel  has  by  the  very  nature  of  its  membership  been 
strongly  oriented  toward  onqineering  problems.     But  the  problems  we  face  in  earthquake 
disaster  mitigation  are  not  simple  engineering,  or  for  that  matter  seisraoiogical i  economic 
or  political.    There  appear  to  be  eight  approaches  to  limiting  earthquake  impact,  four  each 
of  a  physical  and  social  type: 


control  tiie  event  fay  prevention  or  liodif  leation  of  the  eventt 
Antiolpate  the  event  so  that  renedial  aotlona  nay  be  takeni 
Identify  the  seiamic  potential  of  areasi 

Oonstruct  facilities  so  as  to  perform  acoeptebly  during  and  after  the  eventf 
Plan  for  the  warning^  response*  and  reoovery  to  the  event* 
Distribute  the  econonic  riaki 

Generate  and  select  alternative  physical  developaent  plansi  and 
Adopt  and  enforce  soning,  conatructioa  and  iianageittent  standards. 


Clearly  if  our  panel  is  going  to  focus  on  tlie  problen  of  reducing  earthquake  iapaeta, 
%fe  nmst  extend  its  aeibership  (or  foster  ooofpanion  panels)  to  take  advantage  of  the  everi- 
enee  and  capabilities  of  the  other  dicipllnea.    The  area  of  earthquake  prediction  is  a  vital 
area,  advancing  quickly  in  our  respective  countries*    This  panel  COUld  act  as  a  focus  for 
the  exchange  of  mutually  beneficial  data  and  accomplishments.    We  propose,  at  the  least,  to 
extend  the  Panel's  activities  to  include  prediction  as  a  sub-panel,  possibly  meeting  separ- 
ately.   In  the  main,  we  propose  to  extend  the  Panel  to  oddsess  the  full  remge  of  earthquake 
disaster  mitigation  methods. 

As  noted  above  we  also  feel  that  it  is  time  for  us  to  begin  the  pooling  of  our  joint 
national  research  resources  to  resolve  problems  of  public  safety.     As  noted  in  the  appended 
list,  the  NSF  prograrii  lias  made  aub^tantiai  investments  in  research  in  a  variety  of  areas. 
In  keeping  with  our  goal  to  extend  the  scope  of  the  Panel's  activities,  we  propose  that  six 
specific  areas  be  targeted  for  potential  joint  researChi 


1.  Public  policy  iaplications  of  earthquake  predictioni 

2.  Large  acale  dsstxuctiva  testingi 

3.  Design  of  industrial  faellitiesi 

4.  Instrunentation  at  foreign  sites > 

5.  Land  use  planning; 

6.  Structural  upgrading,  repair  and  retrofittingi 


These  areas  will  be  discussed  individually  belowt 

1.    Public  Policy  lBplioati<»is  of  Earthquake  Prediction 

The  Issuance  of  predictions  of  danaging  earthquakes  in  selected  geographic  areas  nay 

well  be  upon  us.    Forecasts  could  be  one  mechanism  for  reducing  potential  loss  and  disn^ 
tion  from  earthquakes.    Hlth  extended  lead  times,  actions  OOuld  be  taken  to  inspect  axA 
Strengthen  buildings,  upgrade  the  seismic  resistance  copponent  of  building  code  requiresnnts 
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•o  all  nmr  •trueturM  wovld  be        tusceptibla  to  dMutge*  laprove  land  nsa  aooing  regula- 
tions to  limit  or  prohibit  ooiutructlon  In  especially  hasaxdow  areas  and,  of  course*  as  the 
foreoasted  event  day  anproadiest  plans  for  partial  or  oovplete  evacuation  could  be  carried 
out. 

On  the  other  hand,  the  negative  consequences  could  be  enormous  if  an  extended  period 
of  uncertainty  follows  a  forecast  for  a  deunaging  earthquake.    Public  and  Private  investment 
agents  tray  drastically  reduce  their  construction  and  developinent  in  the  area  as  well  as  our— 
tail  production  and  commercial  activity  that  could  trigger  an  extended  showdown  in  the 
local  economy  which  would  be-  reflected  in  increased  uiienployment,  reduced  private  incone« 
shrinking  tax  base,  and  increased  deinands  for  public  nur vices. 

Today  there  is  no  base  of  scientific  knowledge  to  provide  information  on  the  benefits 
or  disbenefits  of  such  actions.     Lxmited  studies  have  beer,  initiated  in  the  United  States. 
They  are,  however,  confined  by  the  time  freune  in  which  the  reseeurch  must  be  accomplished  and 
by  the  need  to  validate  policy  recomoendations  by  ctoserving  the  public's  response  to  actual 
predictions.   A  joint  progrsA  of  cooperative  research  oould  Materially  redaoe  tiie  tiae  feaiM 
In  fihich  this  researdi  is  ooqpleted  and  lead  to  a  better  utilisation  of  earthquake  predic- 
ticn  for  the  public  benefit,   we  propose  a  four  item  cooperative  program  to  achieve  the 
foUoving  objeetlvest 

1.  fo  develop  and  interpret  a  ccqprehensive  set  of  espirieally  based  findings  regard^ 
ing  tlie  probable  response  of  organisations  and  individual  citisens  to  early 
credible  earthquake  fOrecastsi 

2.  to  develop  end  apply  an  effective  means  of  informing  organisations  and  the  public 
Of  the  findings  and  their  inplicaticns; 

3*   TO  test  in  a  rigorous  Cashicn  the  impact  of  these  findings  on  organisations »  and 
4.   To  prepare  recommendations  for  legislative  and  administrative  actions. 
To  facilitate  such  a  progron  we  propose  that  a  bilateral  meeting  betafeen  appropriate 
officials  and  researchers  be  concerned  in  the  near  future  to  plan  sudi  a  program. 
2.    Large  scale  Destructive  Testing  of  Structures 

In  the  area  of  structural  analysis  and  design  we  have  relied  heavily  on  our  technical 
capabilities  with  theory  and  computers  to  develop  concepts  for  design  of  structures  to  re- 
sist earthquake  forces.     Many  of  these  concepts  have  evolved  from  post- inspections  of  earth- 
quake damage  and  shake  table  results.    As  beneficial  as  these  concepts  are  there  are  many 
factors  which  cannot  be  evaluated  by  inspection  or  small  scale  tests. 

Among  the  parameters  for  which  better  data  is  required  are:    the  three  dimensional 
btiwvior  of  full  sise  stmeturss  wid  individual  components  subjected  to  controlled  seismic 
type  forces*  tiie  determination  of  tiie  etructural  daiis>ing  characteristics  caused  by  the 
various  elements  in  a  building*  the  ocnnections  of  various  structural  ocwpoowiits  and 
equiSBont*  the  forces  acting  on  various  equipment  caused  by  the  interaction  of  llie  structure 
and  the  equipnsnt*  ths  attadsMnt  of  non>structural  items  and  other  items  tdiidh  axe  eitiier 
too  large  or  too  avHl»ereoime  to  be  handled  on  a  sbalce  t«ble  or  confidently  by  analysis. 

A  plan  to  cbtfdn  the  required  data  could  be  formulated  fay  a  Joint  U.S.-Japan  program 
consisting  oft    (a)  large  scale  testing  of  existing  structures  of  various  types  of  materials 
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&r.d  construction,   (b)  pseudo dynamic  tests  on  full  size  speciirens  or  structures  constructed 
to  obtain  specific  data,   (c)   shake  table  verifications  where  required  for  t±ie  pstsudo- 
dynamic  tests  or  for  specimens  which  may  be  considered  full  size. 

At  the  present  time  a  few  projects  are  underway  to  investigate  the  behavior  of  masonry 
ooMtruotion  by  pseudo-dynaHlo  test  methoda.    Urge  joint  apecinens  of  reinforced  concrete 
frane  and  shear  walls  are  being  analyzed  and  tested  by  pseudo- dynaaic  test  procedures. 

The  resnlts  of  these  tests  ooald  be  verified  bgf  full  sise  structural  tests  to  evaluate 
the  tine  bdiavior  in  a  structural  systeai.    A  progrsM  to  extend  the  tests  to  full  slae 
structures  to  detemlne  the  paraneters  nhidi  can  not  be  evaluated  otherwise  would  be  iMoet 
desirable  and  beneficial  to  both  ooontries. 

3.    industrial  Buildings 

op  to  the  present  tlae  researdh  on  building*  has  been  concentrated  on  the  high  riae 
type  of  residential  and  oenMxoiel  types  because  of  the  hasards  to  the  lives  of  ttie  occu- 
pants.  Very  little  attention  has  been  given  or  devoted  to  other  types  of  faoilities  whioh 
are  equally  uniiiiortant  to  the  welfare  of  the  oeosnmity.   These  are  the  industrial  buiULiaga 
idiiGh  provide  the  econowic  base  for  the  existence  of  the  ooiHiunity.    The  amount  of  earth- 
quake resistance  in  these  buildings  is  dependent  upon  the  design  engineer  ag  tiie  building 
who  nay  or  may  not  have  had  experience  with  earthquake  design  criteria.    In  general,  however 
it  appears  that  most  industrial  faoilities  have  not  been  intentionally  designed  to  resist 
seismic  forces. 

The  National  Science  Foundation  is  currently  funding  several  projects  which  arc  rs- 
lated  to  the  industrial  sphere  of  structures  and  buildings.     Arr>ong  these  are:     (a)  the 
analysis  and  shake  table  tests  of  ground  storage  tanks  with  varying  heights  of  liquids, 
(b)   the  seismic  resistance  of  the  major  structural  componont?  of  fossil  fuel  powor  plants, 
such  as  the  boiler,  the  coal  handling  conveyor  syatea,  the  stacX,  the  cooling  tower,  tba 
piping  systens,  and  the  minted  struetores*  (c)  a  study  to  detezoilne  the  seiamio  vulner- 
nbili^  of  the  electrical  distrilraition  systasi  will  rssult  in  policy  decisions  for  types  of 
q^are  parts*  readiness  of  the  oporaticnal  eaemt,  and  similar  type  operational  decisions. 

As  one  views  tbm  industrial  conplex  of  both  eottntries,  it  is  a  single  natter  to  observe 
the  aany  twos  of  facilities  which  will  require  intensive  sto^  and  reseercii  to  de««lop 
econowioal  design  procedures  Whicft  plant  nanagers  will  be  willing  to  acctpt.   K  joint 
O.S.  -  Japan  program  to  inveetigate  these  industrial  facilities  will  reduce  the  dqplioatiea 
of  effort  and  sliorten  the  period  of  iaplementinig  the  research  results. 

Ikrsas  of  further  research  whi^  oould  be  undertalcen  in  consort  or  separately  aret 


a.  hydzooloctric  plants  and  all  their  appurtenances 

b.  oUter  con^Nsnents  of  fossil  fuel  power  which  are  not  already  under  study  audi 
as  turbines*  and  other  pieces  of  equlpoMnt. 

c.  refineries 

d.  chemical  plants 

e.  food  processing  plants 
£.  warehouses,  etc. 
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A  plan  to  attadc  thase  prctoleam  with  tlw  grratest  benefit  to  each  oountry  would  be  to 
aaai9ii  certain  peojecta  to  eacb  nation  and  oonblne  the  results.    Ihex^jyt  each  nation  would 
not  duplioata  tiie  other  and  the  total  results  would  be  obtained  in  much  leas  timet ,  than 
would  otharwiee  be  poaaible  by  each  country  doing  all  of  the  research  alone. 

4*    Instruiiantation  at  Fcureign  Sites 

At  any  given  site  earthquakes  are  relatively  rare  events.    This  is  fortunate  for  the 
possible  affected  populus,  but  leads  to  inherent  difficulty  in  obtaining  strong  ground  mo- 
tion useful  for  extQndinc;  our  desiqn  practice.     Both  the  United  States  and  Japan  have  ac- 
tive instrumentation  proarams  designed  in  part  to  instrument  sites  of  likely  activity  to 
yield  data  on  both  ground  design  and  building  response.    Both  our  programs  are  weak,  howeveri 
in  that  we  have  not  necessarily  placed  these  instrumentation  networks  in  the  areas  of  tha 
world  where  the  data  return  is  likely  to  be  the  highest.     To  date  we  have  amasaed  a  sub- 
stcuitial  data  collection  for  low  magnitude  and  intensity  events.    As  intensity  and  magnitude 
increase,  the  recorded  data  falls  off  at  least  logarithmically i  indaed  data  at  damaging  in- 
tensity levels  for  earthquakes  with  Ricditer  nagnituds  above  6.S  are  virtually  non-existent. 
Yet  our  design  considerations  are  dominated  by  this  magnitude  event.    Hhare  is  a  definite 
world  need  for  near  field  strong  notion  data  for  quakes  of  magnitude  7  and  over.  Since 
they  are  infrequent  (particularly  in  the  8.0  range)  we  anist  place  the  networks  where  these 
magnitude  events  are  moat  likely  to  occur,    ihia  involves  the  placement  of  networks  outside 
of  our  respective  countries.    Since  we  both  benefit  fron  this  datat  we  ought  to  pool  our 
resources  to  design,  place  and  maintain  these  systems. 

To  aocomplish  ths  goal  of  the  timely  collection  of  near  field,  large  magnitude,  atrong 
notion  data  we  propose  the  joint  development  of  fecial  arrays  to  be  placed  outside  our 
respective  countries  through  tiie  following  steps: 

Select  regions  of  the  world  with  sufficiently  high  seisnic  activity  which  are 

expeditious  to  develop  in  such  arrays? 

Define  the  nature  of  tiae  arrays  which  may  be  utilized  effectively  for  this  purpose; 
Evaluate  the  instrumentation  needed  to  implement  these  arrays; 

Design  specific  arreys  for  several  of  the  active  eraes  selected  in  the  first  tasksi 
Jointly  place  and  maintain  the  instnaMUit  sites  f 
Regularly  exchange  data. 
5.    Land  ttoe  Planning/Site  Planning 

Averting  or  lessening  the  potential  effects  of  nany  geophysical  based  disaster  can  be 
aohievad  by  regulating  the  use  to  nAiidb  land  is  put  and  the  materials  and  methods  employed 
in  the  design  and  construction  of  jphysieal  facilities.    For  the  most  part,  seismic  land  use 
considerations  in  the  U.S.  have  been  either  through  the  publication  of  seismic  risk  maps  for 
state  sissd  regions,  or  through  the  imposition  of  relatively  vague  legislative  admonitions. 
In  California's  case,  they  have  enacted  a  statute  that  requires  the  consideration  of 
earthquake  hazards  in  each  coimnunities  master  plan,  although  there  is  little  agreement  on 
what  such  an  incorporation  should  entail  as  its  technical  content.     Land  use  is  a  technique 
that  offers  the  opportunity  for  control  not  only  of  earthquake  related  damage,  (shaking, 
faulting,  landslides,  tsunami,  etcj  but  also  for  other  geobased  hazards.    Within  the  U.S., 
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it  iM  imlikBly  that  land  vmm  criteria  baaad  aolaly  on  aarthctaalce  hasard  oan  ba  vldaly  ad|p(pt«d« 
Nhen  floods*  landalldet  eaurthquakes  and  allied  hazards  are  considered,  there  la  aetw  likall* 
hood  for  iapleoMnting  technical  land  use  criteria  to  reduce  the  piiblic  h':>zard  eivosura.  . 
Research  in  this  area  is  embryonic  in  the  U.S.  and  we  con jftct-nrft  tha-!:  it  is  also  in  Japan. 
We  propose  that  a  binational  working  group  be  established  aiider  Llia  ausficeK  of  Die  Panel 
to  investigate  the  most  appropriate  objectives  for  joint  activities  ano  develop  an  lAtegratad 
research/information  exchange  prograrr.  to  iTnplem-ent  these  objectives. 
6.     Structural  Upgrading  -  Repair  and  Retroiitting 

Most  current  structural  research  and  that  of  the  past  years  lias  cor.cc-ntrated  on  the 
behavior  of  materials  coRiponents ,  structural  and  systems  iu  order  to  develop  techniques  to 
laprove  new  oonatruotlon.    very  little,  if  a.-iy  research  waa  devoted  to  the  problem  of  retro- 
fitting for  itrangtliaiiittg  purposes,  or  repair  after  an  event*   These  were  left  to  tiie 
judgment  of  tiio  aAgitieer  or  boildlog  official  to  decide  hoir  the  building  was  to  bo  va- 
parlod  or  strangtiienad.   Iliair  deeieictt  was  usually  baaed  on  past  pereonal  experiaiioa  sathar 
than  reaearelh  reaulta  and^  in  g«iiaral«  tbaae  pcofeaslonals  have  perfooed  well.  HewaveTf 
baoausa  Biaay  large  cities  are  in  potentially  high  saisode  risk  zones,  and  have  Baiqr  old 
boildiiiga  which  are  svbjact  to  daaaga  if  an  aarthquaka  strikes,  it  is  inperativa  that 
oonaidaration  ba  given  to  the  probleoia  of  ratrofittiaf  and  r^alr. 

In  xaoant  eavarlnnital  atudiea  of  atruotural  ooaponents  It  has  becone  the  praetioe  to 
teat  apaolaena  up  to  a  failure  point,    ut  not  to  total  destniction.    By  this  aetbod  rapaira 
are  nada  using  epoatiaa,  or  grouta  and  the  QaelMn  ia  tetested  to  determine  the  new  load 
raaiatanoa  eapaoi^>    coaparisons  of  the  affactivanasa  of  the  repair  tadhniqoaa  are  ■ada  to 
datamina  the  best  possible  method. 

A  specific  project  is  underway  to  evaluate  the  resistance  of  structures  m'>  to  four 
stories  in  height,  typical  of  school  buildings,  and  to  determine  the  inost  cost-effective 
method  of  retrofitting  the  buil^Sing.     Various  materials,  sjch  as  stocl  and  reinforced  con- 
crete with  different  fraining  systerns  are  to  be  studied.     T'r.i'  objective  for  the  project  is  to 
develop  a  nvethodology  for  the  evaluation  of  an  existing  building  and  to  outline  the  various 
methods  which  may  b®  used  to  retrofit  the  specific  building. 

No  doubt,  in  both  countries  there  are  many  buildings  which  could  be  retrofitted  to  a 
higher  seismic  resistance  and  consequently  provide  a  greater  degree  of  safety  fox  thtt 
occupants. 

A  joint  program  outlining  the  types  <rf  buiUlnga  each  ooiaitry  could  study  wouU  oertain^ 
ly  reduce  the  tins  and  coat  of  obtaining  thia  snat  uaeful  information.   A  atftoooBittaa  of 
tfaia  panel  ooold  meat  to  daeide  the  distribution  of  activities  between  countries  which 
would  lead  to  a  coimnn  goal. 

Conclusion 

The  time  is  ripe  for  our  two  countries  to  extend  our  coop^^iatisn  in  the  earthquai^  ar»a 
fron  «ia  of  Infomatioa  to  one  of  joint  endaavor.    He  propose  to  aooonplish  thia  through 
two  actiona.   Pirst  to  aactand  the  participation  in  the  Panel  to  all  of  the  diaciplinaa  en- 
gaged in  aarthguaka  mitigation  raaaaroh  and  laplamentatlon.    Second  that  the  Panel  f cater  a 
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■erlea  of  £oeused  reaeaxch  studies  to  be  undertakes  jointly.    Obviously  such  undArtakings 
will  require  both  the  ooomitmant  of  tine  and  personnel  to  develop  the  program  and  the 
allocation  of  resources  to  carry  it  out.    We  are  prepared  to  act  as  the  focal  point  for 
developBent  of  the  V.S.  participation  in  such  a  planning  effort. 
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HIGH  WIND  STUDY 

IN  THE 

by 

Noel  J.  Raufaste 
Federal  Building  Program  Coozdlnator 

Office  of  Federal  Building  Technology 
Center  for  Building  Technology 
mstitttte  for  Jipplled  Technology 

National  Bureau  of  Standards 
Washington,  D.C.  20234 


ABSTRACT 

A  review  of  the  National  Bureau  of  Standards  three-year  high  wind  study  in  the  Philip- 
pines is  presented.     Accomplishments  during  the  first  two  years  of  the  study  are  discussed. 
Principal  accomplishments  include   1)   formation  of  a  Philippine  Advisory  Cornnittee  to  coor- 
dinate local  wind  research,   2)    selection  of  three  field  test  sites,   3)   constr'jction  and 
instrumentation  of  six  test  buildings  with  wind  recording  equipment  at  the  test  sites, 
4)  instruiaentation  of  the  University  of  Philippines  wind  tunnel,  and  5)  participation  in 
two  international  workshops  on  high  winds  in  Manila. 


Itay  tIcKEdS!   High  windB,  PhiliiiplfiM.  timH  atnlies,  iii«tx«Miit«tieii,  wind  tumiel  tost. 
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Introduction 

Tbm  HatlooAl  BoMftu  of  8tMd«rd«  (MBS)  i»  4«vi*loping  in^rovad  4*flgn  «rlt*ria  for  loi^ 
rias  bttildingB  to  battar  raaiat  tha  affaet  of  OKtraM  «l»d«.   The  tiurea-year  j^jact  la 
aponaorad  by  Agancy  for  Intaznatieaal  Davalegpwmt  CAID)  • 

Thia  gaaaardi  pro jact  osiginatad  from  caoognltlon  of  a  naad  for  additional  roaaareli  to 
8i;Ci9l6aant  tha  llaitad  aasunt  of  aaiiatlng  data  oonoamltig  tha  af  facts  of  wind  on  1ow'«1m 
buildinga#  aapaoially  In  davalpping  oonntrlaa.    Many  axlatlng  oritaria  for  wind  loada 
daaign  do  not  Mka  provlaion  for  ataa^r  and  fluctuating  wind  praaanzaa  along  tha  adgaa  of 
zoofa  and  walla  whara  flow  aaparationa  ooour.   Yat  wind  prasanraa  along  thasa  ragiena  «ra 
ona  of  tha  priaary  oontributora  to  building  dHMgaa.   ihla  raaaarOh  and  tha  raaultant 
devalopMnt  of  anitabla  daaign  eritarla  and  laatliodologiaa  will  radnea  loaaaa  of  atructuraa 
and  livaa  In  tha  ooimtrlaa  whara  the  oritaria  are  applied. 

Vha  Ptailii^iinaB  ej^rienoa  tha  higliaat  worldwide  annual  frequency  of  intenaa  tsqpieal 
storms.    Within  the  Philippines,  the  frequency  of  tropical  atona  ia  gxaataat  in  Lueon. 
Statiatica  indicate  that  bet\#ean  1948  and  1971  the  Philipplnaa  ware  eavosad  to  482  tcopioal 
atonns,  or  an  average  of  20  per  year.    As  such,  these  occorrancaa  Mke  tha  Vhilifipinaa  a 
natural  laboratory  to  measure  wind  loads  on  buldings. 

yjBS's  extreme  wind  study  includes  several  components.     It  is  based  largely  on  field 
work    (collection  of  wind  loading  data  from  seven  flft!4  test  buildings)    ^nd  from  wind 
tunnel  testing  of  building  scale  oiodels.    The  study  also  includes  a  revi.«iw  of  climatologi- 
cal  data  from  the  weather  bureaus  of  the  Philippines  and  two  other  developing  countries, 
Bangladesh  and  Jamaica.     Socio-economic,  architectural  and  structural  data,  from  the  Phi li^ 
pines  and  other  developing  countries  will  be  iiu^Iuded  in  the  implementation  aqpecte  of 
this  stu^.    Xa  addition*  knowledge  about  wind  offsets  on  buildings  obtained  in  other 
oountriaa  audi  aa  tho  uiiitad  stataa*  J^pattt  Jkuatxalia  and  tlia  Obited  KingJcw  will  bo  uaad 
aa  required* 

It  Bbottld  ba  noted  that  Or*  xidiard  NarShall*   tha  principal  inveatigater.  ia  raqpen- 
albla  for  directing  the  wind  raaaar^  aotlvitias  as  dlscvssad  in  this  report*  Wiasa 
aotlvitias  ara  found  on  pagaa  3  -  10* 

Background  Informtion 

Tha  first  stop  in  perfteaiag  this  rasaardi  was  to  identify  iatarastad  organ!  iaticiis» 
agwieieat  nniveraitiaa  and  other  grevva  wltiiin  tha  Phllippinea*  aelected  Bay  of  Bengal 
countries  and  savaral  aortlwm  Caribbean  islands  to  aaaaavthair  dagrae  of  iatacast  fdr 
poaalble  in-oountry  project  participation.   On  Jlpril  27,  1973  the  ibilippina  advisosy 
ooandtteo  was  fozaed.   Profeaaionala  fra  varioos  building  valatad  fields  wava  bveught 
together.   Iba  reaponaa  fron  the  PhillppJna  Oovarmant  and  the  private  aaotor  nnribsMd 
nore  than  30  aciantista,  engineers  and  rasaardiars  reprasanting  govecmant  entitles  i 
profeaaional  organlsationa  and  privata  gxoivo.   Alao  Inelvded  ware  tfae  QBftXO  msatOM  to 
the  Philippinaa  and  tlia  U.S.  National  Boraan  of  Standards,   tta  Vhilippine  Mtvisccy  Oa»- 
nittee  serves  aa  tha  focal  point  for  noordtnating  project  aetivitlaa  oentaring  in  tlia 
Philippines. 
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TlM  oonnlttM  is  ooavoasd  of  tlw  following  organlEationsi 
univ«esity  of  the  Philippines 

Philippine  AtBDSffiieric  Geophysical  end  Aetxonoedeel  Services  AdBdnistratloo  (PJUSMSk) 

National  Housing  Corporation 
Land  and  Housing  Development  Corporation 
Peoples  Hoinesita  and  Housing  Corporation 
Government  Service  Insurance  Syatan 

Social  Security  System 
Philippine  Standards  Association 
h.   R.   i- lores  and  Associates 
National  Building  Code  Comrr.ittee 

National  Society  for  Seismoiogy  and  Earthquake  Engineering  of  the  Philippines 
Association  of  Structural  Engineers  of  the  Philippines 
Philippixte  Institute  of  Civil  Engineers 
'Bureau  of  Public  Nocks 

Philippine  Civil  Aeroneuties  Mninlstratlon 

Metionsl  Science  Developownt  Boexd 

nSftID  Mlssloo  to  ths  Philippines 

Bengladesh  University  of  Engineering  and  Teduiology 

CMB,  Inc.  -  Bangladesh 

Douet,  Bzcwnf  Adaas  and  tesoclateSf  Janslea 
U.S.  National  Bnrsau  of  standards 

In  addition  to  MBS  and  AID  6upi>ort,  principal  naribers  frosi  the  above  groups  donated  their 
tine  and  professional  ei^rtise,  test  buildings,  land  to  construct  test  bttildingsr  scienti- 
fic facilities  and  fuiding  for  continuation  of  Philippine  research 'activities. 

In  Kid-igTS  two  individuals  were  selected,  representing  the  Bay  of  Bengal  and  the 
nortiiem  Carihbean  Island.    These  individuals  contributed  Infomation  about  their  req^c- 
tive  geographic  areas  as  inputs  to  the  developnent  of  final  design  criteria.   Thmf  will  also 
transfer  the  project  results  to  their  respective  geographic  areas. 

Wind  Beseardh  Aotivitiea 

Field  Test  Sites 

Three  field  test  sites  are  being  operated  under  the  full-scale  phase  of  the  test  pro- 
gran*    In  order  of  selection  and  installation  of  equipoiMit,  they  are  as  follows i  (1)  Science 
Garden  at  gueson  city*  (2)  Daet  and  (3)  taoag  City,    a  nunl»er  oC  factors  were  eensldered  la 
selecting  these  test  sitesi  the  final  choices  required  sosm  cosproatise  in  the  original 
selection  criteria.   The  main  fectors  in  ord^r  of  iaiportance  were  as  follows i 

High  frequency  of  extreae  winds. 

Accessibility , 

Availabiltiy  of  coaaierclal  power, 
Type  of  wind  exposure,  and 
Security 
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Hm  8el«ne«  Gaxdan  sits  was  an  cbvloua  dioloa  alnoa  It  ia  ataffad  witii  qualifiad 
teclmiolans.    Ihasa  tadwlclans  focn  tha  nuelaua  q£  a  ta«K  tr«ioad  by  NB8  In  tha  Installa- 
tion* 9P«ratlon  and  italntaiumoa  of  tost  aqoipiant.   It  tm»  thus  posslbla  for  tha  MBS  tasM 
neMbars  to  transfer  a  significant  portion  of  tha  Installation  work  and  associated  responsi- 
bilities dnring  tiie  early  stages  of  lAe  pcograR*  Scienee  Garden  also  serves,  in  conjunction 
with  the  university  of  ths  Philippines #  as  th»  center  for  referwee  standards/  spare  parts 
and  service  equipment. 

Selection  of  the  remaining  sites  was  not  so  obvious.     PAGASA  weather  stations  wer« 
selected  because  of  the  security  and  personnel  available  to  service  the  equipment.  In 
addition,  measurements  of  temperature  ajid  barometric  pressure  would  be  available,  thus  free- 
ing data  channel:-;  for  additional  pressure  measurements.     In  discussions  with  the  Philippine 
Advisory  Conniittee,  serious  consideration  was  given  to  sites  at  Virac,  Casiguran,  Aparii, 
Baquio  City,  Daet  and  Laoag  City.     Virac  and  Baguio  City  wtio  c-lininated  on  the  basis  of 
u.'.uaual  terrain  features    (mountain  top  locations)  which  are  not  typical  of  wind  exposures 
for  housing  developments  and  would  be  extremely  difficult  to  model  in  the  wind  tunnel. 
Casigxiran  was  elimixuited  because  of  the  difficulties  of  transporting  eguzpnaent  and  persomwl 
for  periodic  naintenance  and  calibration  (boat  service  only) .    AparU  was  elininated  because 
of  plans  to  rslocata  the  present  PAfiiVBA  weather  station  site*  and  the  l«dc  of  electrical 
power. 

Deet  and  Laoag  city  were  selected  with  soom  coMproMlse  on  statistical  independence  and 
frequency  of  extrene  winds.    Bowever,  it  is  believed  that  othor  attributes  of  these  sites 
(ease  of  transporting  equipmsnt  and  personnel »  avaiUbility  of  electric  power  #  non-unusual 
tsrrain  fsatures)  nore  than  offset  these  coqpircttises. 

Arrangemnts  were  Bade  with  the  Philippine  Advisory  Ocanittee  to  build  test  houses  at 
the  sites  and*  whsre  possible  or  necessary*  to  use  existing  PABASA  structures.    Test  equij^ 
nent  was  asseafcled*  tested*  calibrated  and  padcsgsd  at  the  MBS  for  shipment  to  the  teet 
sites. 

Science  Garden*  Quezon  City.    The  wind  ssposore  at  this  site  varies  with  wind  direoticnr 

being  relatively  clear  and  flat  frcHI  H  to  SB  and  slightly  rough  from  SE  to  W  due  to  con- 
struction of  high-rise  buildings  some  500  metres  away.     The  site  is  moderately  rough  fran 
W  to  M  due  to  local  topographical   features  and  other  low-rise  -  sildings  on  the  test  site. 
Three  tef;t  houses  are  instru-Tiiinted.     Basic  plan  dimensions  of  t>ie  first  two  gable  roof  units 
are  7x8  metres.     The  third  unit  designed  by  CARE,   inc.   in  : angladesh  was  shipped  to  yuezoa 
City  for  full-scale  testing.     This  building  is  barrel  vaulted  in  end  elevation  and  has  plan 
dimensions  of  5.4  x  2.5  metres.     The  data  acquisition  system  is  located  in  the  t^AGAi^A 
Instrumontation  Building   (adjacent  to  the  first  test  house}  which  is  air  conditioned  and 
relatively  free  froa  dust.    A  total  of  21  pressure  channels  are  available  (an  increase  of 
10  channels  throtigh  use  of  an  auxiliary  signal  conditioning  system) . 

Dust  Weather  Station.    The  Deet  site  is  ^qpproxinately  230  km  a  of  Nnila.    It  is  loea^ 
ted  next  to  the  city  airport  idtich  borders  the  Pacific  Ocean.    The  site  has  a  very  flat  and 
clear  expoaure  with  the  exception  of  a  coconut  grove  running  frcn  HB  to  SB  adjacent  to  the 
ocean.   The  main  PMSKSA  Station  »iilding  was  instruMOted.    this  is  the  only  building  under 
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test  %ihi6h  haa  «  hip  roof.  Thm  data  acquisition  system  is  installed  in  the  nain  building's 
radar  equiptMit  room  lAiCb  is  air  conditioned.  An  snergency  generating  systen  Is  available 
at  this  site  in  the  event  that  ccsnerclal  power  service  Is  disrupted. 

Laoag  City  Weather  Station.    This  site  is  approximately  500  km  north  of  Manila.  As 
with  Daet,  the  site  is  adjacent  to  the  municipal  airport  and  has  a  clear  and  flat  exposure 
for  all  directions.    Two  test  houses  with  plan  dimensions  identical  to  the  test  units  at 
Science  Geurden  (but  with  different  roof  slopes  and  eaves  overhang)  wore  constructed,  one  On 
the  PAGASA  station  ground  and  one  on  CAA  property.     One        rfie  two  units  is  located  in 
close  prixirrity  to  twn  pxisting  buildings  which  will  allow  the  influence  of  neighboring 
structures  to  be  evaluated. 

Research  Equiprr.ivnt 

Full- Seal  ft  Tejit  F.L^uipcr.ent.     Based  on  technical  needs,  some  of  the  data  acquisition 
equipment  was  specially  developed  at  NbS  wnile  tl.e  baiarice  was  obtaLiiod  tron  conuncrcial 
sources.    The  data  acquisition  system  used  in  the  full-scale  test  program  consist  of  five 
basic  subsystens;  (1)  the  sensors  of  transducers,  (2)  a  logic  section,  (3)  a  signal  condi- 
tioner, (4)  a  reoorderf  and  (5)  a  power  supply.    The  equipment  %fas  assestoled*  tested  and 
paekagsd  for  sblpnsnt  to  the  Philippines  by  the  NBS  project  staff. 

The  systsK  is  designad  to  continuously  monitor  input  signals  and  to  go  into  a  eallbra- 
tlon  and  record  seqiMnee  \Ama  the  signal  being  mcmitored  exceeds  a  preset  level.    Hhen  ths 
reeordijig  period  oods,  the  system  enters  a  "hold"  period  during  which  no  date  are  collected* 
regardless  of  the  signal  level  on  the  channel  being  monitored.    Ihe  "record*  and  "hold" 
periods  are  switeh^selectable  and  are  usually  set  at  20  and  30  minutes »  respectively.  The 
totel  recording  time  available  on  a  reel  of  tepe  is  approKimately  $  hours.    1hus»  the  total 
tine  period  between  changes  in  tape  reels  (assuming  continuous  high  wind  conditions)  Is 
approximately  12  hours  which  is  considered  to  be  sufficient  fOr  most  ^rphoon  passages. 

Wind  speed  and  direction  are  measured  by  a  propeller-vane  ancsnseter  mounted  on  a  IO- 
meter mast  located  far  enough  from  the  test  buildings  to  register  conditions  in  the  undis- 
tuxbed  ifind  field.    The  anemometer  is  rated  at  100  n/s  and  provides  the  signal  which  trig- 
gers the  recording  system.    An  ambient  pressure  probe  is  also  mounted  on  the  mast  just  below 
the  anemometer  and  provides  the  differential  pressure  transducer  with  a  standard  reference 
pressure.     The  pressure  transducers  are  mounted  in  low-profile  housings  which  are  designed 
to  create  a  pressure  intensity  at  their  center  equal  to  the  pressure  that  would  exist  on  the 
surface  of  the  bviiIdSing  without  the  housings  installed.     Thic  obviates  the  problems  involved 
with  mounting  the  tranvlucers  flush  with  the  wall  or  roof  surtaces.     The  transducers  are 
fitted  with  a  solenoid  vaive;  wh^cn  is  activated  ty  t^e  logic  system  one  minute  before  the 
generation  of  pressure  records  begins.    This  value  places  the  transducer  in  a  "closed- loop" 
configuration,  thus  allowing  the  subsequent  record  to  be  corrected  for  sero  off est  due  to 
drift  or  loading  of  the  transducer  diaphragm  with  rainwater. 

3he  logic  portion  of  the  data  acquisition  system  normally  operates  in  an  automatic 
mode»  but  provisions  exist  for  manual  Intervention  for  the  purpose  of  calibration  or  peri- 
odic system  checkout.    The  logic  section  also  includes  a  time  code  generator  which  provides 
both  dlgitel  and  analog  code  of  Greenwich  Meridian  Time  (CM)  in  days*  hours*  minutes  and 

X-5 

Digitized  by  Google 


■econdfl.    The  time  cote  9«&«rator  Is  set  by  radio  coontdown  fron  PAGA6A  Headquartera  in 
QKUMSoa  Ci^  and  noxnally  xequixaa  eorxeetlon  only  two  or  three  tinea  a  year. 

Analog  signals  from  the  pressure  transducers  are  converted  to  DC  voltages  (demodulft- 
tion)  and  filtered  by  the  signal  conditioner  prior  to  recordinq.    The  signals  are  also 
attenuated  to  match  the  range  of  the  tape  recorder,  thus  providing  a  better  signal  to  noise 
ratio  thctn  would  be  possible  by  straight  recordinq  of  the  transducer  outputs. 

The  recordings  section  consists  of  a  14-t.rack  analog  tape  unit  with  26.7  cn  reels 
containing  1100  metres  of  tape.     Us'.ial  record  speed  is  4.8  cm/sec.     The  recorder  is  normally 
in  a  "powered  dowi"  mode  and  only  operates  on  coininand  froir.  the  logic  section.     As  with  the 
logic  section,  manual  intervention  is  permitted  for  calibration,  cleaning  and  cmiuvlijiq  iA^, 
Recorded  signals  can  be  reproduced  ir^  the  field  to  check  recorder  operation. 

With  the  exception  of  the  Laoag  City  test  site,  commercial  power  is  used  to  operate  tho 
data  acquisititm  systens.    The  Laoag  City  site  is  provided  power  by  the  CM.    TO  ensure 
availability  of  power  tmdar  stom  eondltioiWf  all  three  sites  are  etjulpped  wli3i  a  baelnip 
system  of  batteries.    Hie  batteries  are  oantimiottsly  charged  when  external  power  is 
available  and  provide  systsn  power  (115VAC)  hr  Mans  of  an  inverter.   When  eooMaroial  power 
is  Intemvtedf  the  batteries  autowatically  switch  on  and  pick  vp  the  load  to  supply  the 
data  acqaisition  systen  for  approKlnately  9  hours  of  continuous  operation.    The  batteries 
are  recharged  autcanatically  when  service  is  restored. 

Since  typhoon  winds  can  be  expected  to  ccsn  frm  any  direction »  it  is  extrea«ly  diffi- 
cult to  detexnine  a  "best**  configuration  of  pressure  transducers,    because  roof  structures 
are  Known  to  be  the  n»st  susceptible  to  wind  dssnge*  they  received  the  highest  prior ily  in 
transducer  allooations.   BxtrsM  pressures  acting  along  ridge  lines  •  eaves  and  roof  ooraars 
are  of  interest  as  well  as  the  average  uplift  pressures  acting  on  the  overall  roof  areas* 
The  configuration  of  pressure  transducers  is  arranged  differently  on  eadh  test  building r  ' 
thus  providing  the  abili^  to  measure  a  greater  range  of  wind  loadings.    In  all  of  the  teat 
buildings,  transducers  were  installed  inside  the  building  to  measure  ii^ternal  pressures 
which  £3ignif icantly  influence  the  net  roof  uplift  loads.     An  advantage  of  the  test  equip- 
nent  used  in  this  study  is  that  the  pressure  transducer  positions  can  be  easily  changed 
after  a  stom  to  study  wind  pressure  distributions  on  other  parts  of  the  test  housesi  tbare~ 
by  enhancing  the  value  of  the  data  and  reducing  the  amount  of  redundant  information. 

Wind  Tunnel  Test  Equipment.     Test  equipment  being  used  in  the  wind  tunnel  can  be  divided 
into  three  categories;    (1)  pressure  transducers,    (2)  wind  speeci  measuring  equipment,  and 
(3)  signal  conditioning  and  analysis  equipment.    The  pressure  trauaducera  are  quite  similar 
to  those  being  used  in  the  fall-scale  tests  SKOspt  for  the  pylindrical  tranaducar  hoosinfs. 
lt(»iially#  four  transducers  are  installed  in  the  building  model  although  six  units  are 
available. 

Wind  speeds  sre  neasured  by  pitot  tubes  wtasn  Bean  values  are  required.    Por  staasura- 
Mant  of  wind  qpeed  floetuations«  hot-wire  anewaieters  are  used.    Hie  anenoewters  have  an 
utronaly  high  frequency  responae  and  are  well  auited  to  making  measurement  over  the 
frequency  range  of  interest  (0  to  500  tts) .    Two  ananoneter  aystems  are  used«  permitting 
siniltaneous  maasurenents  at  two  points  in  the  tunnel  for  the  determination  of  integral 
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scalM  (slsa  of  wind  gusts) .    Ths  sseond  systani  alsp  provides  backup  if  a  ontpomnt  should 
fail. 

wind  Tunnel  Modeling 

The  wind  tunnel  facility  at  the  National  Hydraulic  Research  Cmtar  (nhhc) ,  University 
of  the  Philippines,  is  being  used  to  carry  out  a  series  of  tests  on  nodels  of  the  full-scale 
test  buildings.     The  cross  section  of  this  tunnel  is  1.22  metres  square  and  3.70  metres 
long  and  produces  a  wind  speed  of  approximately  30  metres  per  seccjnd.     These  rrx>dei  tests 
have  aided  in  the  interpretation  of  full-scale  studies  and  have  allowed  design  pressure 
coefficients  to  be  determined  in  a  systematic  manner. 

Whllo  it  is  not  possible  to  exactly  model  atracapheric  bou.ndary  layers  in  conventional 
wind  tunnelii,  an  acceptable  degree  u£  similitude  is  achieved  by  proper  use  of  surface 
xougliness  elements  and  vortex  generators.    This  nodeling  technique  used  in  the  NtlRC  tunnel 
was  used  in  previous  wind  tunnel  aodel  studies  and  was  perfsotad  fov  tiiis  applicaitlon  in  a 
slightly  larger  but  quite  sindlsr  wind  tunnel  at  the  Oolorado  State  Ihiiversity  (CSD) . 
fspered  spires  are  placed  at  the  entrance  to  the  test  section  to  produce  a  sheared  flow  of 
arbitraxy  turbulence  intensity.   The  spires  are  folloHed  by  several  rows  of  roughness  ela- 
■nnts  located  on  the  floor  of  the  wind  tunnel.   The  roughness  elenents  generate  a  turbulent 
boundary  layer  which  extends  to  alinst  the  full  height  of  the  tunnel  at  the  downstrean  snd 
of  the  test  section,    iwo  oontoinations  of  spires  and  surface  roughness  elemnts  were  devel- 
oped wliicto  produce  turbulent  boundary  layers  typical  of  anooth  and  soderately  rough  tenainf 
rsBpectivtsly.   Ths  mdel  seals  bsing  usad  in  th«s«  studies  Is  It 80.    ideally*  this  scale 
should  bs  dictated  by  the  integral  scale  of  the  turbulence,  the  effective  surface  roughness 
height  and  the  length  associated  with  the  peak  of  the  turbulent  energy  spectrun.  Tost 
results  obtained  in  the  CSU  studies  suggest  a  scale  ratio  of  frosi  It 100  to  It 200.    However » 
the  physical  sice  of  ths  nodel  precludes  installation  of  pressure  transducers  at  these 
small  scales.    Thus  a  compromise  of  1:80  was  used.    Preliminary  test  results  and  results 
obtained  in  other  wind  tunnel  model  investigations  suggest  that  scale  matching  is  of  secon- 
dary Importance  oonipared  to  intensity  of  ttirbulence  and  shape  of  the  spectral  density 
function. 

Approximately  10  model  configurations  were  investigated  with  roof  slopes  ranging  from 
0'  t_o  30°  and  eavfts  overhangs  ranging  from  0  to  1.5  meters   (full-scale).     Two  classes  of 
surface  roughness  were  used  in  these  studies.     Several  low-rise  building  types  were  analyzed 
(houses,  school  buildings) . 

m  addition  to  ths  wind  tunnel  wodeling  as  describsd  thove,  tiM  hbs  developed,  sped- 
fiedf  obtained  and  transported  various  item  of  test  equipment  for  the  UP  wind  tunnel 
facility.    The  eqplEsient  was  Installed  in  the  wind  tunnel  and  training  sessions  were  con* 
dated  in  the  operation  of  eqvipnsnt  and  the  interpretation  of  test  xesolts.    Major  items  of 
equipnent  transferred  to  the  university  of  the  Hiilippines  include  a  signal  correlator  and 
probsbility  analyser,  hot-wire  ansaoaeters,  pressure  transducers,  electronic  filters, 
signal  anplifiers,  x-y  and  stripchart  recorders,  VDltneters  and  an  oscilloscope.    This  test 
equipsMnt  is  houssd  in  an  air  conditioned  room  built  fay  the  University.    Ooiiputer  progrssis 
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developed  at  the  NBS  for  the  anlaysis  of  random  data  were  transferred  to  UP  Computer  Center. 
In  additiun,  aii  extensive  ;:ollection  of  docosientii  dealing  with  the  wind  tunael  nhsdeling  o£ 
buildings  and  other  engineering  structures  was  plaused  in  the  UP  iaJarary. 
Collaotion#  aadnotion  nd  Analysia  of  Flald  Patm 

All  data  oollactad  at  the  fiald  taat  aitaa  axa  raooacdad  on  analog  nagiMtlc  tapes. 
TypiciaUy«  thaaa  tapaa  contain  on*  cihaimal  oaoh  of  wind  vead  and  dixaetlon  data,  11  ohao' 
nela  of  praaaura  data  and  one  ^anael  of  tlae  oode.   Vrixx  to  the  reooiedlng  of  data,  a  tape 
is  aaaigned  a  alta  dealgnation  and  tape  idantifioatlon  nuntMr.    This  infonaation,  along  «ith 
the  tine  obde,  imiqMely  identifies  the  data. 

1!he  first  atap  in  the  data  reduction  procaaa  ia  to  record  certain  kmr  ctiannela,  snob 
aa  wind  apaedr  wind  direction  and  a  rapreaentativa  praaaura  aignal  on  a  paper  stripdhart 
and  subjectively  classify  the  records  by  dsgtee  of  stationarity.    Records  which  contain 
redundant  infornation  are  eliminated  at  this  tlae.   The  rssMtinlng  records  are  timn  vleiied  on 
an  oscillosoQpa  to  detendne  the  appcoKlMte  fluuKlam  or  winitwai  peak  values  and  to  «eri^ 
that  the  reooxdln^  have  an  acceptable  signal  to  noise  ratio  and  are  free  of  disoontinnities. 
Once  the  records  are  deterained  to  be  of  aeoeptSble  quality,  they  are  converted  to  digital 
form  for  analysis. 

Analog  to  digital  conversion  is  accot^plished  by  means  of  a  computer-controlled  data 
acquisition  system  which  scans  the  analog  channels  In  sequenca  and  converts  the  voltage 
levels  into  binary  equivalents.     The  data  channels  are  mul ■;iplexed  at  a  rate  of  20,000 
channels  per  second  so  that  the  time  skew  is  negligible  for  the  frequency  range  of  interest. 
The  scan  rate  can  be  varied  but  is  typically  12  scans  per  second.     Each  channel  is  sampled 
12,000  times,  resulting  xn  a  record  length  of  1000  seconds  (16  min  -  40  sec) .     The  multi- 
plexing stage  is  followed  by  a  prograiianable  amplifier  which  allows  best  use  of  the  digital 
repreaentation  (eleven  binary  bits  plus  sign} .    The  digital  data  are  entered  on  a  T^track 
magnetic  tape  for  aubaequent  analysis  in  tiie  MBS  Coeputer  Center,    this  tape  also  contains 
header  infoxmatlon  such  as  site  and  tape  idantifioaticn,  the  tintt  of  day  when  the  original 
data  were  recorded,  and  the  length  of  record. 

Several  pxograma  were  developed  at  the  NBS  for  tiie  analysis  of  rapdon  data.  Vhese 
include}  Probedbili^  Oensi^  Punotion  (Put)  which  determines  the  peak  valuea  (either  ■ami* 
mm  or  minimus)  between  aero  crossings,  calculataa  the  mean  and  root  mean  square  values 
and  plots  prdMibility  distrlbutlcn  functions}  Correlation  Analysis  (CQnOEL)  tHii^  calcv^ 
late*  oorxttlatlcn  functions  and  spectral  denalty  estimates;  and  a  Summation  Program  (80NP> 
which  oaloulated  the  area-averaged  aurface  preesures  and  the  drag  and  uplift  foreea  acting 
on  a  atructure. 

Data  obtained  from  the  wind  tunnel  euro  processed  "on  Una"  and  are  not  recorded  for 
future  reduction  or  analysis,    h  hybrid  computer  allows  the  direct  calculation  of  auto- 
and  cross-correlation  functions  as  well  as  probability  density  and  distribution  functions. 
A  time  domain  analyzer  is  used  to  obtain  direct  measurements  of  mean  and  rms  values.  Ihis 
system  has  the  disadvnatage  of  manual  calculation  of  press  ire  coefficients,  but  this  is 
Insignificant  when  compared  with  the  ability  to  quickly  as ;ess  the  test  result*  and  alter 
the  nodal  configuration  without  waiting  for  results  from  a  central  coogputer. 
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Hie  1970  edition  of  the  National  Building  Code  of  Ounada  (MBC)  pcovidea  for  riak  of 
oeeorzonae,  terrain  reughneaa,  height  above  groiind  and  building  geomtry  in  calculating 
wind  pveesures* 


In  this  ejqpression,  q  is  a  reference  mean  velocity  pressure  for  a  given  mean  recurrence 

interval,  C    is  an  exposure  factor  which  varies  with  surface  roughness  and  height  above 
e 

ground,        is  a  gust  effect  factor  to  provide  for  surface  pressure  fluctuations  caused  by 
turbulence  and  localized  flow  phenomena,  and        is  a  conventional  mean  pressure  coefficient. 
The  proper  values  for       will  be  determined  from  existing  data,  full  scale  wind  data  and 
theoretical  models  of  wind  speed  distributions  in  typhoons  and  hurricanes.     The  coefficients 

and  must  be  determined  experimentally.  This  is  the  primary  output  of  the  wind  tunnel 
teat  prograa  witii  the  full-aoale  teet  reenlte  aarving  aa  a  control  on  both  the  ooef ficlMMM 
and  final  design  criteria. 


A  atttdy  of  the  available  Philippine  wind  olinate  inforaation  with  a  view  of  aaaeaaing 
ita  adequacy  txtm  a  atruetural  engineering  vieiipoint  will  continue  throughout  the  life  of 
the  project.    Recorda  of  wind  apeede»  of  typhoon  obaervationa  and  dauB^ea  due  to  aignlfi- 
cant  typhoona  were  collected  hy  NBS  through  the  courtesy  of  the  PJMSASA.    Out  of  theae  re* 
corda*  data  were  aelected  which  appear  to  be  suitable  for  analyaia.    Iheae  will  be  uaed  aa 
input  in  otaputer  prograna  available  at  NBS  for  predicting  extrene  winds  corresponding  to 
various  laean  recurrence  intervale.    A  liating  of  the  NBS  programs  was  sent  to  the  PJUSASA 
Computer  Center  for  adoption  by  the  PJUSASA  as  a  calculation  tool.   NBS  will, provide 
appropriate  assistance  aa  required. 

A  parallel  study  of  wind  distributions,  including  the  1972  National  Structural  Code 
for  Buildinga  of  the  Association  of  Structural  Engineere  of  the  Philippines  and  tropical 
cyclone  frequency  and  intensity  mapSf  reveals  the  area  of  northern  Luaon,  and  perhapa  parta 
of  Western  Luzon  (including  Manila)  nay  need  to  be  included  in  a  more  intense  wind  zone 
area.     It  is  desirable  that  future  editions  of  the  building  code  differentiate  between 
zones  with  different  exposure   (e.g.  urban  terrain  vs.  coastal  sites).     Results  from  this 
task  will  provide  the  appropriate  Philippine  code  officials  with  much  needed  information 
for  incorporation  in  a  new  building  code.     This  information  will  serve  as  an  input  to  the 
final  report. 

Infonnation  Transfer 

In  addition  to  advisory  committee  meetings,  conferences  and  workshops  provide  a  mech- 
anism to  transfer  information  to  a  larrjor  body  of  individuals. 

An  International  Workshop  held  in  Manila,  Philippines  on  November  14-17,  197  3  addressed 
the  state-of-the-art  in  mitigating  building  damages  from  winds.     The  workshop  was  jointly 
sponsored  by  AID,  the  Philippine  Advisory  Committee  and  the  U.S.  national  Bureau  of  Standaxis. 
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Four  themes  oovATllig  climatology  and  aerodynamics,  stmctuxal  engineering,  aooie-^COO- 
onlc  and  architactural  cwii)«ld«ratiaM»  «od  cod«»  aaA  •tandarda  were  discussed » 

Ttw  first  two  wodckahop  days  nasa  dawotad  largaly  to  prasatttationa  of  taffhnlcal  papaca* 
Onring  tha  aftaxnoon  of  tlia  flxat  day,  a  viait  was  aohadulad  to  tha  fiald  taat  slta  at  tha 
VMShSh  Scianca  Qaxdon  aita,  Quaaon  City. 

Hina  papera  and  fiva  relaitoad  raporta  vara  pxaaantad  dnrlaig  tha  tadmloal  aaaaiona  with 
tina  xaaarvad  for  diacuaalons.   Tha  tbixd  day  «m  davotad  to  atdbeonadttaa  working  aaaaiona 
whera  31  racuMawwIalioiia  wara  davalopad.    Iliay  wwa  praaantad  and  diaeuaaad  on  tlia  fourth 
day.   Appzoxlnataly  140  individnala  fro«  fiva  aonntxiaa  <Janaica«  eangladaA,  tha  unitad 
Kingdoai,  tha  Philifq^ifiaa  and  tha  (initad  Stataa)  attandad  tha  workabep. 

Tha  pxoeaadlnga  of  tha  workahop  waa  pvblirtiad  aa  an  MBS  Building  scianca  Sariaa  56. 
Thla  piiblicatlon  Inoludaa  14  raooBMandationa  (aditad  frcm  31)  for  ii^oved  building  pra»- 
ticaa,  tha  opaning  caranoniaa,  and  the  tacfanioal  papaxa  and  rsporta* 

On  May  16>17,  197S  a  ragional  oonfaranca  waa  conducted  in  Manila,  Phili^ines  to 
discuss  the  draft  project  resulta  to  data.    This  meeting  afforded  tha  opportunity  for  me^ 
bers  from  wind-prone  countries  to  further  establish  a  dialogue  for  suggesting  methods  to 
better  present  the  final  results.    A  similar  regional  conference  will  be  conducted  in 
Kingston,  Jamaica  on  Noveabar  6*7,  1975.    The  final  report  ia  expected  to  be  published  by 
the  end  of  June  1976. 

Ooncliyion 

Thia  paper  deaoirbes  tha  aetivitiaa  aaaociatad  with  davaloplng  ioiproved  design  oritaria 

for  low-rise  building  to  better  resist  the  effects  of  extreme  winds.    It  also  discusses  a 
very  inportant  element  associated  with  developing  technology — its  transfer  to  the  ultinata 

user.     After  comploting  the  r«s««rch  a  eontinuing  effort  by  the  i"'  i lippine  Advisory 
Committoe  will  be  required  to  further  the  development  of  technology.    Thla  project  is  only 
one  step  in  the  process  of  improvenant  that  will  continue. 

JtcknowladqManta 

Parts  of  this  paper  were  excerpted  fron  MBSIR  74-567  FY  74  Progress  Report  on  Design 

Criteria  and  Meth:-i-!ol ogy  for  Construction  of  Lo--.— Pi Buildings  to  Better  Resist  Typhoons 
and  Hurricanes  by  Raufaste,  N.S.  and  Marshall,  R.O.,  Center  for  Building  Technology,  NatiOttp 
al  Bureau  of  Standarda,  Waahington,  O.C.  20234* 


X-10 


ReferenceB 

1.    cilnuitology  and  wind  Related  ProblaM  in  PhiXipplnes"  by  R.L.  Klntanar,  November  1973, 
Manila,  Philippines  (peper  presented  at  a  workshop  in  Manila,  Philippines)  • 


Digitized  by  Google 


SHJK/EBt  ON  88X8NOPO6T  JtHD  BJIBTHflPMW 
BHGimgHilM  IM  XHDXikt  IWUI  JIMD  TOKKMi 

hr 

Meikoto  Watabe 
International  Institute  of  Seismolonf 
and  Earthquaka  Soginaaviag 

«a 

Hidao  Toktihlxo 
Mlnlstxy  of  Construction 

and 

Masakasu  Shlnosuka 
Japan  Intaznatlonal  Oooparatian  Jkgancy 

A  aariaa  o<  Mrthquak*  awgin—ring  oooraaa  haivia  bMin  held  In  Japan  In  ooqparation  with 
Iran*  Bkdln  and  Tuilcqr.   Vhls  papar  praaanta  tha  datalla  of  tliaaa  oouraae  and  tha  aid  auolb 
cewraaa  hava  provldad  te  tha  a«(pportlag  coimtriaa* 


Words:     Bartbquaka  anginaarlngi  BarthqMakasy  Edtaeatleay  ladiay  iranr  training y  Turkmr- 
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1)  A  training  course  vas  conducted  at  the  mtemational  Barthq:uake  Engineering  Depart- 
MMt  of  Building  Research  Institute*  Mlnlstxy  of  Omstinictionf  which  ia  greatly  aPEufeciated. 

2)  It  is  required  to  establish  an  advanced  course  for  these  ex-participants  in  order 
to  provide  an  up-to-date  )uiowledge  and  technique  on  earthquake  enginMrlng.  Xn  this  con- 
nection, a  3  to  6  nonths'  training  course,   is  being  organ i zcrJ . 

3)  Recrutimeiit  procedures  for  the  trainip.g  course  should  be  made  promptly  (4  to  6 
months  prior  to  the  conunenccmGnt  or  the  training  course) . 

4)  In  regard  to  the  follow-up  of  the  ex-participants,  it  is  necessary  for  a  staff 
from  either  the  .7ipa:-.esii  Einbassy  or  tne  JICA  uverstiai  o£t-ce     to  keep  close  contact  with 
their  representatives,    buch  a  successful  case  concerning  this  pl&n    nas  been  Turkey. 

5)  In  addition  to  inviting  a  technical  trainee,  it  is  laqportant  to  promote  a  visit 
from  Japanese  expert  to  the  trainees  country. 

6)  It  is  tiia  intention  of  this  prograa  to  strengthen  our  systeii  so  as  to  cope  with 
the  rsqusst  fron  «i»-partlcipsnt8f  and  to  readily  sufiply  technical  inforaation  and 
■wasuxlng  instruMsnts.   Furthermore  #  an  invitation  of  high  ranking  officials  should  bs  con- 
sidered at  the  earliest  date*  in  order  to  prcoote  further  technical  cooperation  in  this 
field. 

7)  A  folloifup  tean  ms  well  received  in  every  country.    It  is  required  to  accelerate 
this  Icind  of  service  nore  positively*  but  Bora  carefully  in  the  future.    If  this  follow  uP 
tesB  is  dispatched  every  three  years  snd  the  selection  of  the  participants  for  the  advanced 
couree  is  nade  at  that  tine*  tike  intensive  training  in  Japan  will  be  nore  beneficial. 

Analysis  of  Questionnaire 

1)  Bx-participants*  position  in  their  countries  are  as  follows t  86%  of  the  ex-partici'* 
pants  belong  to  tb»  public  or  educational  institution*  and  two  thirds  of  then  hold  an 
inportant  post.   Fron  this  trend,  it  can  be  easily  understood  that  their  training  in  Ji^an 
was  highly  regarded  and  'tiiey  were  promising  and  selected  researchers. 

2)  Evaluation  of  training 

60%  of  tiie  eac-participents  or  their  senios  officials  highly  praised  their  training 
in  Japan. 

3)  Gonvosition  of  the  personnel  at  I.I.S.B.B.  {International  Institute  of  Seissology 
and  Earthquake  Sngineering) : 

71%  of  the  ex-participants  are  in  favor  of  the  present  composition  of  our  Insititute* 

while  15%  of  them  expect  an  increase  in  the  number  of  staff,  «md  4%  hope  that  it  will  be 
enlarged.     ]9«  of  the  ex-participants  strongly  wish  to  introducp  lecturers  from  abroad,  and 
57'»  agree,  wJiilc  24%  think  it  necessary,  or  a  matter  of  no  consequence.     As  a  conclusion, 
it  can  be  interpreted  that  many  of  the  ex-participants  expect  to  have  foreign  lecturers 
added  to  the  staff  ol  the  Institute. 

4)  Training  Systen: 

Bach  ex-participant  enthusiastically  hoped  to  be  re-trained  in  a  short  period  during 
the  training  course.    In  connection  with  the  duration  of  training*  62%  of  the  ex-partioi- 
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pant»  Iwped  it.  would  be  less  than  6  ■sntiiSf  «liil«- 14%  of  than  wontad  a  longez  pariod* 
During  this  training,  it  is  raqnaatad  that  nova  attention  to  tiie  selection  of  4Wplic«ot« 
be  paid,  in  order  to  allocate  aore  time  for  apecial  self-atudy,  laboratory  practice  and 
an  exchange  of  vlewe  on  seiaaology  and  earthqiaake  engineering. 

5)  Future  folloir-up  aervioei 

we  have  enocnntered  nuneroua  inqoiriea  for  catalogues  of  Jmpw^mmdn  neasurlng  instxu- 
SMRts  and  infomatlon  on  hnr  to  pordieae  tiieae  and  if  there  is  a  sales  agent  in  their 
country.   Many  of  these  engineers  wanted  e  oontinuous  swly  of  Hvs  researt^  reports  and  the 
■^ear  Book"  regularly  ptibliahed  by  the  Institute,  or  the  periodical  'TeGhnocrat".  Further- 
noare,  as  the  best  means  of  follow-up,  seme  engineers  eagerly  requested  that  Japenese  ex- 
perts be  sent  to  their  country. 

situation  of  Soisaoiogy  and  Earthquake  Engineering  in  India,  Iran  and  Tarkey. 

1)  India 

The  Japanese  Jyil>assador  has  asked  whetiier  tiiere  are  earthquakes  or  not  in  India. 
As  sudt  an  went  seldom  occurs,  people  are  quite  indifferoit  to  earthquakes.   For  that 
reason,  it  seems  that  the  officials  in  charge  of  the  technical  cooperation  at  the  Ministry 
of  Finance  in  India  will  take  a  negative  attitude  toward  allocating  echolazshipB  offered 
from  Japan  to  this  training  course,  although  it  is  recognised  that  in  the  Meteorological 
Department  of  Roorkee  university  where  there  are  many  young  researchers  eager  to  sta4y  in 
Sngland,  Onited  States,  or  Japan.    Although  the  directors  at  the  Meteorological  Departmant 
have  intended  to  send  at  least  one  reaearcher  to  cur  Institute  every  year,  only  one  has  ocma 
in  the  past  2  or  3  years  to  study  in  J^pan.    Due  to  the  influence  of  England,  seismology  in 
mdia  has  advanced  considerably  as  hss  earthquake  engineering.    In  Roorkee  University, 
located  in  about  2001aB  north  of  New  Delhi,  Or.  J.  Kriahn*  and  hie  excellent  staff  have 
established  the  Earthquake  Engineering  Center,  and  ha^lawlted  young  researchers  from 
neighboring  countries  to  stud^.    Howeveri  Japan's  follow  up  service  has  beexi  badly  evalu- 
ated in  this  country.     For  example,   in  regard  to  Japanese  made  measuring  instruments,  due 
to  imperfection  in  the  catalogue  and  specifications  it  is       fficult  to  repair  thene  instru- 
ments when  they  are  out  of  order.     Accordingly,   the  donation  of  experimental  instruments 
should  be  made  providing  a  service  engineer  be   made  available.     On  the  other  liand,   the  United 
States,  because  of  the  demand  made  when  the  instru^nents  are  out  of  order,    replaced  xn  a 
week  through  the  diplomatic  channels.    Also  relative  to  follow  up  aexvico,  Japan  is  far 
behind  the  United  States. 

2)  Iran 

It  seems  that  Iran,  favored  with  abundant  oil,  is  seeking  a  well«baleneed  diplomatic 
policy  toward  the  big  powera  and  in  part  in  the  technical  ccqperatlon.    Iranian  people  are 
in  fear  of       earthquakes  and  thus  the  Government  of  Iran  has  given  a  considerable  thought 
to  this  matter,    in  spite  of  active  influence  by  the' Ministry  of  Rousing  Develpimmint,  a 
very  limited  naAer  of  participants  have  been  conveyed  to  the  Japanese  Beibaesy,  due  to  a 
difference  in  views  with  other  organisations  concerned  with  technical  cooperation. 
Recently,  a  Building  Researdi  Center  hae  been  established  by  a  joint  project  with  QMBSCO, 
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in  Ixon.    Hr.  Javdaxk,  mm  of  tlie  «x-partioipantSr  1^  faMn  engaged  as  director  of  this 
reaear^  work.    His  eontclbution  toHard  the  establlshnant  of  this  organisation  is  to  be 
highly  praised.   Vhis  institution  was  foxMd  for  the  purpose  of  providing  leadership  in  the 
field  of  the  earthquake  engineering  in  the  Middle  and  Hear  Bast.   Thear  disclosed  a  desire 

to  purchase  research  eguipnent  from  Japan,  nevertheless  Mr.  P'akdanan,  Vice-Minister  of 

the  Housing  Development  expressed  his  regret  to  Japan  because  it  took  a  long  time  and  re- 
G[uired  sophisticated  formalities  in  order  to  purchase  such  items.    However,  a  feeling  of 

satisfaction  was  obtained  to  see  a  done-shaped  housing  complex  with  asoismatic  structure, 
designed  by  the  ex- participants  which  was  constructed  in  the  suburb    of  Gazvin  city  about 
150km  west  of  Tehran.  , 
3)  Turkey 

It  seems  that  an  ideal  type  of  technical  cooperation  between  Japan  and  Turkey  can  be 
obtained.    Ex-participeuits  who  studied  in  Japan  are  now  taking  initiative  in  this  field 
and  in  particular  research  trork  relative  to  earthquake  engineering.    In  addition #  a  close 
liaison  aaong  the  ex-participemtSf  both  in  the  Earthquake  Engineering  and  in  Seismology  f 
has  been  preserved  at  the  sane  tine*  and  there  is  constant  contact  with  the  Jaipanese  Bnt- 
bassy.    Success  in  this  technical  cooperation  greatly  owed  to  the  pronlnent  Japanese  eaqperts 
who  nade  self-sacrificing  efforts  when  in  Turkey.    It  Is  assured  that  Japanese  technology 
in  the  area  of  earthquake  engineering  and  seismology  will  further  help  advance  Turkey's 
technology. 

Lecture 

A  follow  vc>  tean  aade  an  attencit  to  present  a  special  lecture  on  "Bvaloation  of 
Seisnic  Input  Force"  through  a  Ifinni  film  of  the  earthquake  engineering*    To  facilitate 
the  understanding  of  the  leeturei  a  series  of  color  slides #  and  Moreover  a  lecture  notes 
were  distributed  to  attendents.    After  45  ndnutes  of  lecture/  a  short  notion  picture 
entitled  "Vibration"  was  then  shown*  and  a  special  lecture  was  then  concluded  with  a  ques- 
tion period.    Because  the  actual  lecture  hall  was  not  prqperly  selected  *  sane  difficulty 
aroaa  with  respect  to  presentation  of  slides.    However »  tte  leeturss  were  a  suooass  due  to 
the  kindness  of  the  Japanese  Bnbassy  and  the  JICA  overssas  office.    The  special  lecture 
was  well  revived  fay  attendants.    The  txaaktrnx  of  attendance  in  the  respective  countries 
were  as  follows; 

India  160 
Iran  70 
Turkey  70 

Total  300 

Contents  of  the  lecture 

i)        Stochastics  on  the  hxatory  of  earthquakes 

ii}     Magnitude  and  intensity  and  the  maximura  acceleration 

iii)  Bvaluation  of  the  intensity  level  of  the  earthquake  in  terns  of  return  period 

iv)  The  earthquake  damage  and  subsoil  condition 
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▼)  AMlnde  ngulatloM  wid  raqpoBM  tpaotxiai 

vi)  Zttt«niatif»al  aaalmie  rvgvUatlom 

A*  foe  mnvlm  f ilw 

i)  Ship  and  WW 

11)  BKthqoak*  ana  stnwtnra 

ill)  Wlmi  and  auasansion  bridga 

Iv}  Jdr  tuxbiilMie«  and  air  plana 

v)  Road  and  automobile 

vl)  Derailing  and  vibration  of  tha  train 

vll}  Dtillsatlon  of  vibration 
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es  of  materials,  compiled  from  the  world's  literature 
nd  critically  evaluated.  Developed  under  a  world-wide 
rogram  coordinated  by  NBS.  Program  under  authority 
f  National  SUndard  Data  Act  (Public  Law  90-396). 


NOTE:  At  present  the  principal  publication  outlet  for 
these  data  is  the  Journal  of  Physical  and  Chemical 

Reforenre  Dutu  (JPCRD)  published  quarterly  for  NBS 
by  the  American  Chemical  Society  (ACS)  and  the  Amer- 
ican Institute  of  Physics  (AIP).  Subscriptions,  reprints, 
and  supplements  available  from  ACS,  1155  Sixteenth 
St.  N.W.,  Wash.  D.  C.  20056. 

Building  Science  Series — Disseminates  technical  infor- 
mation developed  at  the  Bureau  on  building  materials, 
components,  systems,  and  whole  structures.  The  series 
presents  research  results,  test  methods,  and  perform- 
ance criteria  related  to  the  structural  and  environmental 
functions  and  the  durability  and  safety  characteristics 
of  building  elements  and  systems. 

Technical  Notes — Studies  or  reports  which  are  complete 
in  themselves  but  restrictive  in  their  treatment  of  a 
subject.  Analogous  to  monographs  but  not  so  compre- 
hensive in  scope  or  definitive  in  treatment  of  the  sub- 
ject area.  Often  serve  as  a  vehicle  for  final  reports  of 
work  performed  at  NBS  under  the  sponsorship  of  other 
government  agencies. 

Voluntary  Product  Standards — Developed  under  proce- 
dures published  by  the  Department  of  Commerce  in  Part 
10,  Title  15,  of  the  Code  of  Federal  Regulations.  The 
purpose  of  the  standards  is  to  establish  nationally  rec- 
ognized requirements  for  products,  and  to  provide  all 
concerned  interests  with  a  basis  for  common  under- 
standing of  the  characteristics  of  the  products.  NBS 
administers  this  program  as  a  supplement  to  the  activi- 
ties of  the  private  sector  standardizing  organizations. 

Con.sumer  Information  Series — Practical  information, 
based  on  NBS  research  and  experience,  covering  areas 
of  interest  to  the  consumer.  Easily  understandable  lang- 
uage and  illustrations  provide  useful  background  knowl- 
edge for  shopping  in  today's  technological  marketplace. 

Order  above  XBS  publications  from:  Suprrinfendent 
of  Documents,  Govtmmcnt  Printing  Office,  Washington, 
D  C.  3oi02. 

Order  following  MBS  publicationB—NBSIR'a  and  FIPS 
from    the   National   Technical  Information  Servieet, 

Sprltigfielrl.  Va.  221 6t. 

Federal  Information  Processing  Standards  Publications 
(FIPS  PCBS) — Publications  in  this  series  collectively 
constitute  the  Federal  Information  Processing  Stand- 
ards Register.  Register  serves  as  the  official  source  of 
information  In  the  Federal  Government  regarding  stand- 
ards issued  by  NBS  pursuant  to  the  Federal  Property 
and  Administrative  Services  Act  of  1949  as  amended. 
Public  Law  89-306  (79  Stat.  1127),  and  as  implemented 
by  Executive  Order  11717  (38  FR  12315,  dated  May  11, 
1973)  and  Part  6  of  Title  15  CFR  (Code  of  P'ederal 
Regulations). 

NBS  Interagency  Reports  (NBSIR) — A  special  series  of 
interim  or  final  reports  on  work  performed  by  NBS  for 
(>utsi<le  sponsors  (both  government  and  non-govern- 
ment). In  general,  initial  distribution  is  handled  by  the 
sponsor;  public  distribution  is  by  the  National  Techni- 
cal Information  Services  (Springfield,  Va.  22161)  in 
paper  copy  or  microfiche  form. 


BIBLIOGRAPHIC  SUBSCRIPTION  SERVICES 


'he  following  current-awareness  and  literature-survey 
ibIioKraphiea  are  issued  periodically  by  the  Bureau: 
ryogenic  Data  Center  Current  Awarenras  Service.  A 
literature  survey  issued  biweekly.  Annual  subscrip- 
tion: Domestic,  $20.00;  Foreign,  $25.00. 
iquified  Natural  Gas.  A  literature  survey  issued  quar- 
srly.  Annual  subscription:  $20.00. 


Superconducting  Devices  and  Materials.  A  literature 
survey  issued  quarterly.  Annual  subscription:  $20.00. 
Send  subscription  orders  and  remittances  for  the  pre- 
ceding bibliographic  services  to  National  Bureau  of 
Standards,  Cryogenic  D«U  Center  (275.02)  Boulder, 
Colorado  80302. 
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